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1.  Introduction 


1  INTRODUCTION 


The  operation  of  upstream  oil  and  gas  facilities  can  result  in  the  release  of  hydrocarbon  compounds  to 
the  environment.  This  can  be  a  concern  either  during  the  operation  of  the  facihty,  or  after 
decommissioning  when  land  is  retumed  to  its  former  use.  Site  closure  is  a  term  often  used  to  describe 
regulatory  acceptance  that  decommissioning  is  complete,  and  the  land  is  ready  to  revert  to  its  former  or 
a  new  use.  The  Alberta  Soil  and  Water  Quality  Guidelines  for  Upstream  Oil  and  Gas  Sites  were 
developed  to  assist  in  environmental  management  and  site  closure  of  upstream  oil  and  gas  facilities  in 
Alberta. 


The  upstream  sector  of  the  oil  and  gas  industry  includes  activities  associated  with  the  extraction  of  oil 
and  gas  from  the  subsurface  up  to  the  point  it  reaches  the  refinery.  Examples  of  upstream  oil  and  gas 
facilities  include  well  sites  and  gas  plants.  Refineries  and  facilities  for  the  distribution  and  sale  of  refined 
products  are  not  part  of  the  upstream  sector.  These  guidelines  specifically  address  releases  of 
hydrocarbon  mixtures  from  the  upstream  sector. 


1.1    Guideline  Overview  and  Document  Layout 

The  Alberta  Soil  and  Water  Quality  Guidelines  for  Upstream  Oil  and  Gas  Sites  are  presented  in 
three  volumes: 


Volume  1  Protocol; 
Volume  2       Guideline  Development;  and, 
Volume  3       User  Guidance, 

Volume  1  includes  an  overview  of  the  project, 
used,  and  develops  the  technical  protocol  t 
document)  provides  all  chemical 
Volume  1  was  used  to  develop 
guidance.  Volume  3  provides  all 
to  develop  modified  generic  guidell 
in  all  3  volumes. 


d  r^Bnale  for  the  approach 
develoHent.   Volume  2  (this 
how  the  protocol  developed  in 
deline  values,  and  provides  user 
y  users  of  generic  guidelines.  Users  wishing 
ediation  objectives  will  find  useful  information 


The  remainder  of  the  current  document  (Volume  2)  is  organized  as  follows.  Section  1.2  summarizes  all 
of  the  chemical-specific  data  used  in  the  guideline  development  process.  Section  2  discusses  the 
guideline  format.  Section  3  provides  example  calculations  for  the  human  health  exposure  pathways. 
Section  4  provides  example  calculations  for  tiie  ecological  health  exposure  pathways.  Section  5 
provides  examples  of  the  derivation  of  water  quality  guidehnes.  References  are  included  in  Section  6. 
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Volume  3  is  the  critical  document  for  the  application  of  these  guidelines.  Certain  procedures 
and  conditions  described  below  have  limited  application  as  described  in  Volume  3. 

1 .2   Sources  of  Chemical-Specific  Information 

The  protocol  document  (Volume  1)  included  values  for  all  non-chemical-specific  parameters  that  are 
required  for  guideline  development.  Chemical-specific  parameters  for  BTEX  and  B(a)P 
(benzo(a)pyrene)  are  summarized  in  Table  1.1.  Chemical-specific  parameters  for  PHC  sub-fractions 
and  fractions  are  summarized  in  Tables  1.2  and  1.3,  respectively.  The  source  of  each  parameter  is 
indicated  in  each  Table. 


2    GUIDELINE  FORMAT 

The  guidelines  for  BTEX  and  B(a)P  generated  in  this  report,  together  with  the  guidelines  for  the  4  PHC 
fractions  adopted  or  adapted  from  CCME  (2000),  are  provided  in  Tables  2.1  to  2.4  as  follows: 


•  Table  2.1:  Alberta  Tier  1  Guidelines  for  Fine  Surface  Soil; 

•  Table  2.2:  Alberta  Tier  1  Guidelines  for  Coarse  Surface  Soil; 

•  Table  2.3:  Alberta  Guidelines  for  Fine  Subsoil;  and, 

•  Table  2.4:  Alberta  GuideHnes  for  Coarse  Subsoil. 

The  following  points  should  be  noted  in  conjunction  with  these  tables 

•  the  lowest  value  for  each  chemical  and  land  use  in  each^ 

•  PHC  guidelines  that  have  been  adopted 

•  the  guidelines  calculated  for  the  prolcctioi 
pathways  may  not  apply  at  a  gi\;e 

•  values  exceeding  30,000  mg/k| 
hydrocarbon)  are  recorded  as 

•  all  guideline  values  are  rounded  * 


200^pre  underUned; 
aquatic      and  wildlife  watering 

2000)  for  formation  of  residual 


Example  calculations  are  provided  volume  to  illustrate  the  guideline  derivation  process.  Note  that 
the  equations  in  this  document  follow  standard  mathematical  convention  in  that  multiplication  is  indicated 
by  two  parameters  being  adjacent  with  no  operator  symbol  between  them.  Where  this  convention 
might  be  ambiguous,  the  multipUcation  operator  (x)  is  used  explicitly. 


2.1    Soil  Texture  and  Depth 
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The  protocols  described  in  Volume  1  were  used  to  generate  four  tables  of  soil  guidelines  (Tables  2.1  to 
2.4).  Each  table  presents  the  soil  quality  guidelines  for  a  group  of  chemicals  of  concern  for  all  pathways 
and  all  land  uses  for  one  soil  texture  and  depth.  Four  tables  are  required  to  allow  for  the  inclusion  of 
two  soil  textures  (Coarse  and  Fine)  and  two  soil  depths  (surface  and  subsoil). 

The  guidelines  for  some  pathways  apply  equally  to  different  soil  textures  or  soil  depths.  Other  guidelines 
are  calculated  differently  for  differing  soil  textures  and/or  depths.  Further  discussion  of  how  guidehnes 
for  different  soil  textures  or  depths  were  calculated  was  included  in  Volume  1.  Some  of  the  calculations 
used  to  calculate  guidelines  for  differing  soil  textures  or  depths  are  based  on  risk  management  decisions 
made  in  CCME  (2000)  and  are  discussed  in  Volume  1 . 


2.2   Incorporating  Canada-Wide  Standard  Hydrocarbon  Guidelines 


The  Canada-Wide  Standard  for  Petroleum  Hydrocarbons  (CCME,  2000)  developed  generic  levels  for 
four  hydrocarbon  fractions,  Fl  to  F4,  and  four  land  uses.  Where  appropriate,  these  generic  levels  are 
used  without  modification  as  guidelines  in  the  current  work.  However,  for  groundwater  pathways 
(protection  of  human,  livestock,  and  wildlife  drinking  water  and  fi:eshwater  aquatic  life)  the  guidehnes 
are  recalculated  to  reflect  the  Alberta-specific  recharge  values  of  0.060  m/year  and  0.012  m/year  for 
Coarse  and  Fine  soils,  respectively.  In  addition,  guidehnes  are  calculated  for  natural  area  land  use, 
which  is  within  the  scope  of  the  current  work,  but  outside  the  scope  of  the  PHC  Canada- Wide 
Standard.  Based  on  the  scenario  described  in  Volume  1,  guidelines  for  natural  areas  are  calculated 
using  the  same  equations  as  for  agricultural  land  use  with  two  changes:  i)  the  hi^Mi  soil  ingestion,  soil 


dermal  contact,  and  indoor  vapour  inhalation  pathways  are  excluded;  anc 
dairy  cow  as  the  hvestock/wildlife  receptor  for  the  soil  ingestioi 
hvestock/wildlife  watering  pathways. 

2.3   Water  Quality  Guidelines 


is  substituted  for  a 
of  groundwater  for 


Two  types  of  water  quaUty  guide|^P™  Exposure  point  water  quality 

guidehnes  are  the  limiting  conceiHtioHm|KlHg)  wdch'T^receptor  is  actually  exposed.  These 
guidelines  are  used  as  water  q^^&r^S  fMhe^P^tion  of  groundwater  pathways.  Groundwater 
guidehnes  are  used  to  assess  wh^GCHaBbntiinons  of  contaminants  are  acceptable  in  groundwater. 
Water  quaUty  guidelines  are  com^^^r  calculated  in  Section  5  for  BTEX,  Fl,  and  F2  for  human 
drinking  water,  protection  of  freshwater  aquatic  Ufe,  and  livestock  and  wildUfe  watering. 


2.4   Non  Toxicity-Based  Considerations 

In  addition  to  the  toxic  risks  addressed  by  receptor/pathway  analyses,  certain  other  management 
considerations  apply.  Chief  among  these  are: 
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•  ignition  hazard; 

•  odour  and  appearance;  and, 

•  formation  of  non-aqueous  phase  liquids  (NAPL). 


Whereas  the  primary  focus  in  this  project  is  prevention  of  toxic  effects  to  human  and  ecological 
receptors,  in  certain  situations  these  pathways  may  be  of  Uttle  immediate  concem  and  contaminant 
management  is  driven  by  consideration  of  policy  factors  (CCME,  2000).  Aesthetics  and  avoidance  of 
free  product  considerations  were  incorporated  as  poHcy  factors  in  the  development  of  the  PHC 
Canada- Wide  Standard  (CCME,  2000).  Many  of  the  same  policy  decisions  are  adopted  in  this 
document.  In  particular,  removal  of  free  product  will  normally  be  a  requirement  of  any  remedial  action 
plan. 

One  issue  that  required  ftirther  discussion  is  ignition  hazard.  The  lower  explosive  limits  (LELs)  is  a 
measure  of  the  minimum  concentration  of  a  compound  in  air  that  will  bum  in  air  when  a  source  of 
ignition  is  present.  Hydrocarbon  LEL  values  are  well  documented,  and,  for  most  compounds,  are  close 
to  10,000  parts  per  milHon  by  volume  (ppmv).  It  is  more  difficult  to  determine  what  hydrocarbon  soil 
concentration  presents  a  risk  of  fire  or  explosion.  The  worst  possible  case  would  be  a  closed  volume  of 
air  in  equilibrium  with  hydrocarbon  contaminated  soil.  However,  in  reahty,  it  is  likely  that  air  movement 
and  volatilization  kinetics  will  always  ensure  that  actual  concentrations  in  air  are  well  below  the  worst 
case  scenario. 


Initial  calculations  show  that  BTEX  concentrations  at  or  below  the  soil  quahty  ^^elines  calculated  in 
this  document  would  not  result  in  vapour  concentrations  above  20%  of  L£p  ;ev^  in  the  worst  case 
scenario.  It  is  unlikely,  therefore,  that  ignition  hazard  will  be  a  sign^cafi'C(fesi<fotion  in  setting  BTEX 
soil  quality  guidelines. 


It  is  not  so  clear  whether  ignition  hazard  should  be  coi 
volatile  PHC  fractions.  Howevei,  tins  ibsuet 
(CCME,  2000),  and  so,  for  co  ' 
recommended,  however,  that  this 
of  the  PHC  Canada-Wide  Stani 


v\hcn  setting  soil^ality  guidelines  for  the 
fssed  in, the  PHCTCanada-Wide  Standard 
c^pade  to  address  it  here.    It  is 
on  when  the  time  comes  for  a  review 


Based  on  the  above  discussion,  no  corrections  weie  made  to  the  guidelines  calculated  in  this  project  to 
account  for  ignition  hazard. 


3    HUMAN  HEALTH  SOIL  QUALITY  GUIDELINES 

This  section  discusses  the  human  health  toxicological  exposure  limits  for  the  chemicals  of  concem  and 
describes  the  development  of  guidelines  for  the  human  health  pathways  for  BTEX,  B(a)P,  and  PHC 
fractions  Fl  to  F4.   The  human  health  guidelines  were  developed  based  on  exposure  to  an  adult 
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receptor  for  the  carcinogenic  chemicals  (i.e.,  benzene  and  B(a)P).  For  the  non-carcinogenic  chemicals 
(i.e.,  toluene,  ethylbenzene  and  xylenes  and  PHC  fractions  Fl  to  F4),  exposure  to  an  adult  receptor 
was  considered  in  the  industrial  scenario,  and  exposure  to  a  child  receptor  (aged  7  months  to  4  years)  in. 
the  agricultural,  residential,  and  commercial  scenarios. 

Example  calculations  are  provided,  using  toluene  as  the  chemical  of  concern,  and  a  residential  scenario 
for  each  of  the  human  health  pathways  examined  (i.e.,  soil  ingestion,  soil  dermal  contact,  indoor  vapour 
inhalation,  and  ingestion  of  contaminated  groundwater).  Where  appUcable,  separate  calculations  are 
provided  for  Coarse  and  Fine  soils.  In  addition,  the  soil  ingestion  guideline  is  calculated  for  benzene  to 
provide  an  example  of  a  guideline  calculation  for  a  carcinogenic  compound. 


3.1    Human  Exposure  Limits 

The  human  health  soil  quaHty  guidelines  developed  in  the  following  sections  are  based  on  a  human  health 
exposure  hmit,  which  reflects  the  dose  or  concentration  of  the  chemical  of  concern  that  is  considered 
unlikely  to  cause  adverse  health  effects  in  sensitive  humans.  The  exposure  hmits  for  BTEX  and  B(a)P 
are  included  in  Table  1.1.  The  exposure  limits  for  the  PHC  sub-fractions  are  included  in  Table  1.2. 
The  source  of  each  exposure  limit  is  included  as  a  footnote  with  the  applicable  table.  The  approach 
taken  to  develop  the  exposure  limits  for  the  chemicals  of  concem  was  to  use  regulatory-approved  limits, 
where  available,  in  the  following  order  of  preference: 


•  Health  Canada  (Health  Canada,  1 996a); 

•  United  States  Environmental  Protection  Agency  IRIS  database  (US 
.    Canada-Wide  Standards  for  PHC  in  Soil  (CCME,  2000). 

Benzene  and  B(a)P  are  classified  as  carcinogens^^  He 
xylenes  and  all  four  PHC  fractions  are  classif^^^ftn-( 
doses  (RsD)  or  risk-specific  concen 
of  concem  would  not  result  in  an 
above  background  incidence. 


For  the  non-carcinogens,  regulatoi 
tolerable  daily  intake  (TDI)  or  refe: 


;and. 


oluene,  ethylbenzene, 
inogens,  risk-specific 
posure  to  the  chemicals 
an  1  in  100,000  (i.e.,  1  x  10'^) 


)ral  or  inhalation  exposure  were  used  directly  as  the 
mcentration  (RC). 
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3.2   Accounting  for  Background  Exposure 

Background  exposure  was  addressed  in  two  ways.  Firstly,  the  possibility  of  receptors  being  exposed 
to  levels  of  hydrocarbon  contamination  in  background  soils  was  considered,  and  included  in  the 
equations  provided  in  Volume  1  to  calculate  human  pathways.  However,  the  background  level  of  all  the 
chemicals  of  concem  considered  in  this  project  is  assumed  to  be  0. 

Secondly,  it  is  recognized  (CCME,  1996)  that  exposure  to  the  chemicals  of  concem  can  occur  via  other 
media  than  soil  (e.g.,  water,  air,  food,  and  consumer  products).  Accordingly,  the  soil  quality  guidehnes 
incorporated  a  soil  allocation  factor  (SAF),  that  was  used  to  determine  what  fraction  of  the  total 
acceptable  exposure  was  allocated  to  exposure  via  contaminated  soil.  SAF  values  for  BTEX  were 
taken  from  the  SAF  for  hydrocarbon  fraction  Fl  (CCME,  2000).  The  value  for  BaP  was  taken  from 
the  SAF  for  hydrocarbon  fraction  F3  (CCME,  2000).  SAF  values  are  summarized  in  Tables  1.1  and 
1.3. 


3.3   Soil  Ingestion 

The  soil  quahty  guidelines  calculated  for  the  soil  ingestion  pathway  (SQC^i)  are  presented  in  Tables  2.1 
to  2.4.  The  guidelines  for  PHC  fractions  Fl  to  F4  were  adopted  from  the  generic  levels  in  CCME 
(2000)  without  change.  The  following  equation  was  used  to  calculate  the  SQGsi.  Data  for  toluene  in  a 
residential  land  use  scenario  are  provided  as  an  example: 


(TDI  -  EDI)  X  SAF  xBWxIO' 


Where: 


SQGsi 

TDI 

EDI 

SAF 

BW 

10^ 

SIR 

AFg 

ET 

BSC 


SIRxAF^  xET 


human  health 
tolerable  dail'^ 
est 
soi 
toe 

cor  _ 

soi^^^Bn^e  for  the  toddler  (0.08  g/day;  see  Volume  1  Table  2.4); 
absojgpteon  factor  for  gut  (1 ;  see  Table  1.1); 
exposure  term  for  residential  use  (1;  see  Volume  1  Table  2.4);  and, 
background  soil  concentration  (0  mg/kg;  see  Table  1.1). 


inge^i  (mg/kg); 
y;  se^ftble  1.1); 
bw/day;^e  Table  LI); 

1); 

Volume  1  Table  2.4); 


Substituting  these  values  in  the  above  equations  and  rounding  to  2  significant  figures  yields  a  value  of 
22,000  mg/kg,  which  is  the  guideline  for  incidental  human  soil  ingestion  for  toluene  in  a  residential  setting 
(SQGsi)  (Tables  2.1  and  2.2). 

3.4   Soil  Dermal  Contact 
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The  soil  quality  guidelines  calculated  for  the  soil  dermal  contact  pathway  (SQGidc)  are  presented  in 
Tables  2.1  to  2.4.  The  guidelines  for  PHC  fractions  Fl  to  F4  were  adopted  from  the  generic  levels  in 
CCME  (2000)  without  change.  The  following  equation  was  used  to  calculate  the  SQGdc-  Data  for 
toluene  in  a  residential  land  use  scenario  are  provided  as  an  example: 


 {TDJ  -EDI)x  SAF xBWx  10'   ^  r 

HANDS  )  +  (SAOTHER  X  DL^THER  )}xEFx  ET 


Where: 


SQGdc  = 

TDI  = 

EDI  = 

SAF  = 

BW  = 

10^  = 

AFd  = 

SAhands  ~ 
DLhands  — 

SAother  ~ 

DLother  ~ 

EF 
ET 

BSC  = 


human  health  soil  quality  guideline  for  soU  dermal  contact  (mg/kg); 
tolerable  daily  intake  (0.22  mg/kg-bw/day;  see  Table  1.1); 
estimated  daily  intake  (0.0028  mg/kg-bw/day;  see  Table  1.1); 
soil  allocation  factor  (0.5;  see  Table  1.1); 
toddler  body  weight  (16.5  kg;  see  Volume  1  Table  2.4); 
conversion  factor  from  kg  to  mg; 

absorption  factor  for  soil  dermal  contact  (0.12;  see  Table  1.1); 
toddler  hand  surface  area  (430  cm^;  see  Volume  1  Table  2.4); 
dermal  soil  loading  for  a  toddler's  hands  (0.1  mg/cnf -event;  see 
Volume  1  Table  2.4); 

surface  area  for  other  exposed  skin  (2,580  cm^;  see  Volume  1  Table 
2.4); 

dermal  soil  loading  for  other  exposed  skin  (0.01  mg/cm^-event;  see 
Volume  1  Table  2.4); 

exposure  frequency  (1  event/day;  see  V^ij^^|Wlle  2.4) 
exposure  term  for  residential  use  (^^^pdl^™!  Table  2.4);  and, 
background  soil  concentrati^(0  r^fg;  see  TMle  1.1). 


s  yields  a  value  of 
000  mg/kg  for  residual 
ontact  for  toluene  in  Coarse  soil 


Substituting  these  values  in  the  abov  e  equati 
220,000  mg/kg.   This  value  is 
hydrocarbon  formation,  and  so  th^ 
(SQGsi)  is  reported  in  Table  2.2 

3.5   Indoor  Vapour  Inhalati 


The  soil  quality  guidelines  calculated  for  the  indoor  vapour  inhalation  pathway  (SQGn)  are  presented  in 
Tables  2.1  to  2.4.  The  guidehnes  for  PHC  fractions  Fl  to  F4  were  adopted  from  the  generic  levels  in 
CCME  (2000)  without  change.  An  SQGii  was  not  calculated  for  B(a)P  because  B(a)P  is  not  volatile, 
and  thus  would  not  have  an  appreciable  indoor  air  concentration.  The  following  equation  was  used  to 
calculate  the  SQGn.  Data  for  toluene  in  the  residential  land  use  scenario  for  both  Coarse  and  Fine 
surface  soil  in  a  house  with  a  basement,  are  provided  as  examples: 
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SQG,  = 


(RfC-CM0.  +  {f^ocXfocXp,)+{^'x0a)]xSAFxDF,x\0' 
Hyp.xETxlO' 


+  BSC 


Where: 


soil  quality  guideline  for  indoor  infiltration  (mg/kg); 

reference  concentration  (3.8  mg/m^;  see  Table  1.1); 

background  indoor  air  concentration  (0.005  mg/nrP;  see  Table  1.1); 

moisture-filled  porosity  (0.119  (Coarse  soil)  or  0.168  (Fine-texture 

soil);  see  Volume  1  Table  2.1); 

organic  carbon  partition  coefficient  (234  mL/g;  see  Table  1.1); 
fi-action  organic  carbon  (0.005  g/g;  see  Volume  1  Table  2.1); 
dry  soil  bulk  density  (1.7  g/cm^  (Coarse  soil)  or  1.4  g/cm^  (Fine  soil); 
see  Volume  1  Table  2.1); 

dimensionless  Henry's  Law  Constant  (0.274;  see  Table  1.1); 
vapour-filled  porosity  (0.281  (Coarse  soil)  or  0.132  (Fine  soil);  see 
Volume  1  Table  2.1); 
soil  allocation  factor  (0.5;  see  Table  1.1); 

dilution  factor  from  soil  gas  to  indoor  air  (22,500  (Coarse  soil)  or 
509,000  (Fine  soil);  see  derivation  below); 
conversion  factor  from  kg  to  g; 

exposure  term  for  residential  (1;  see  Volume  1  Table  2.4); 
conversion  factor  from  m^  to  cm^;  and, 
background  soil  concentration  (0  mg/kg;  see  Tabl^.l). 


SQG„ 

RiC 

Ca 

Ow 
Koc 

pb 

SAF 
DFi 

10^ 
ET 
10^ 
BSC 


Substituting  these  values  in  the  above  equations  and  rounding  to  ^MKi^iWgures  yields  values  of 
4,600  mg/kg  (Fine  soil)  and  200  mg/kg  (Coarse  soil)  which^afe  the^i^elines  human  indoor  vapour 
inhalation  of  toluene  in  a  residential  scenario  i"  ^  building  mil  a  ba^St  (S(^  (Tables  2.1  and  2.2, 
respectively).  i**, 

The  dilution  factor  (DFi)  was  cal( 


Where:  DFi     =        dilution  factor  from  soil  gas  concentration  to  indoor  air  concentration 

(unitiess);  and, 

a       =        attenuation  coefficient  (unitiess;  see  derivation  below). 


3.5.1   Calculation  of  a  for  Coarse  Soils 

The  attenuation  coefficient  for  Coarse  soils  was  calculated  using  the  following  equation: 
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) 

Where:  a        =        attenuation  coefficient  (iinitless); 

r\eff 

^      =        effective  porous  media  diffiision  coefficient  (0.00790  cm/s;  see 

derivation  below); 
Ab      =        building  area  (2,700,000  cm?;  see  derivation  below); 
Qb      =        building  ventilation  rate  (203,000  cmVs;  see  derivation  below); 
Lr       =        distance  from  contaminant  source  to  foundation  (30  cm;  see  Volume  1 

Table  3.1);  and, 

Qsoii     =        volumetric  flow  rate  of  soil  gas  into  the  building  (9.14  cmVs;  see 
derivation  below). 


Substituting  these  values  in  the  above  equations  yields  a  value  for  a  of  4.44x10"^,  corresponding  to  a 
dilution  factor  of  22,500. 


Calculation  ofDr": 


Calculation  of  Ab: 

Ab  is  the  entire  below  ground  surface  area  of  the  building,  i.e.,  the  footprint  area  plus  the  area  of  walls 
below  ground,  and  is  calculated  as  follows: 

As  =  {L,W,)+2Z,,^,,{L,+W,) 
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Where: 


Ab 
Lb 
Wb 

Zcrack 


below  groimd  building  area  (cm^); 

building  length  (1,225  cm;  see  Volume  1  Table  3.1); 

building  width  (1,225  cm;  see  Volume  1  Table  3.1);  and, 

distance  below  ground  to  idealized  cylinder  {i.e.,  basement  depth  below 

ground;  244  cm;  see  Volume  1  Table  3.1). 


Substituting  these  values  in  the  above  equations  yields  a  value  for  Ab  of  2,700,000  cm^. 


Calculation  of  Qb^ 


Where: 


Qb 

Lb 

Wb 

Hb 

ACH 

3,600 


_  L,W,H,ACH 
3,600 

building  ventilation  rate  (cm^/s); 

building  length  (1,225  cm;  see  Volume  1  Table  3.1); 

building  width  (1,225  cm;  see  Volume  1  Table  3.1); 

building  height,  including  basement  (488  cm;  see  Volume  1  Table  3.1); 

air  exchanges  per  hour  (1  h'';  see  Volume  1  Table  3.1);  and, 

conversion  factor  from  hours  to  seconds. 


Substituting  these  values  in  the  above  equations  yields  a  value  for  Qb  of  203,000  cm^ 
Calculation  of  Qsou: 


Where 


Qsoil  - 
AP 

kv 

Xcrack  ~ 

Zcrack  ~ 

Tcrack  ~ 


building  (cm'/s); 
see  Volume  1  Table  3.1); 
to  vapour  flow  (1.0  x  10"^  cm^;  see  Volume  1 


vol 
pre 
soi 
Tal 

lenp^f  ideaUzed  cyhnder  (4,900  cm;  see  Volume  1  Table  3.1); 
vapour  viscosity  (0.000173  g/cm  s;  see  Volume  1  Table  3.1); 
distance  below  grade  to  idealized  cylinder  (244  cm;  see  Volume  1 
Table  3.1);  and, 

radius  of  idealized  cylinder  (0.203  cm;  see  Volume  1  Table  3.1). 


Substituting  these  values  in  the  above  equations  yields  a  value  for  Qsoii  of  9. 14  cmVs. 
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3.5.2  Calculation  of  a  for  Fine  Soils 

The  attenuation  coefficient  for  Fine  soils  was  calculated  using  the  following  equation: 


a  = 


QbLt 


7  + 


QbLt 


crack 

DAI 

^  crack-^crack^T 


Where: 


a 

Df 

Ab 
Qb 


Lcrack 
Dcrack 

A  crack 


attenuation  coefficient  (unitless); 

effective  porous  media  diffusion  coefficient  (0.00113  cmVs;  see 
derivation  below); 

building  area  (2,700,000  cm^;  see  derivation  above  for  Coarse  soil); 
building  ventilation  rate  (203,000  crn^/s;  see  derivation  above  for 
Coarse  soil); 

distance  from  contaminant  source  to  foundation  (30  cm;  see  Volume  1 
Table  3.1); 

thickness  of  the  foundation  (1 1 .25  cm;  see  Volume  1  Table  3.1); 
effective  vapour-pressure  diffusion  coefficient  through  the  crack 
(0.00454  cmVs;  see  Volume  1  Table  3.1);  and, 
area  of  cracks  through  which  contaminant  vapou^enter  building  (995 
cm^;  see  Volume  1  Table  3.1). 

mm. 


Substituting  these  values  in  the  above  equation  icll  i  I  l  r  r 
dilution  factor  of  509,000. 


Calculation  ofD 


eff. 


Where: 


Da 

et 


,  corresponding  to  a 


ov^ireffective  porous  media  diffusion  coefficient  based  on  vapour- 
phase  concentrations  for  the  region  between  the  source  and  foundation 
(cm'/s); 

diffusion  coefficient  in  air  (0.087  cmVs;  see  Table  1.1); 

soil  vapour  filled  porosity  (0.132;  see  Volume  1  Table  2.1);  and, 

soil  total  porosity  (0.3;  see  Volume  1  Table  2.1). 


Substituting  these  values  in  the  above  equations  yields  a  value  for  Dr^  of  0.00 1 1 3  cm^/s. 


Volume  2:  Guideline  Development 


11 


3.  Human  Health  Soil  Quality  Guidelines 


3.6   Protection  of  Potable  Groundwater 

The  soil  quality  guidelines  calculated  for  the  protection  of  potable  groundwater  pathway  (SQGgw)  are 
presented  in  Tables  2. 1  to  2.4. 

3.6.1   PHC  Fractions  F1  and  F2 

The  SQGgw  for  PHC  fractions  Fl  and  F2  are  recalculated  from  the  Canada- Wide  Standard  values  by 
substituting  the  Alberta-specific  recharge  value  (0.060  m/year  and  0.012  m/year  for  Coarse  and  Fine 
soils,  respectively)  in  the  Canada- Wide  Standard  algorithm. 

Calculation  of  Guideline  for  Sub-Fraction 

Data  for  the  aromatic  C>8-Cio  sub-fraction  of  fraction  Fl  in  the  residential  land  use  scenario  for  Coarse 
soil  is  provided  below  as  an  example: 


{TDI -EDl)x(K,  +{Q„/pJ)xBWxDF, 
IRw 


+  BSC 


Where: 


soil  quaUty  guideline  for  protection  of  potable  groundwater  for  sub- 
fraction  "i"  (  in  this  case  "i"  is  the  aromatic  C>8-Cio  sub-fraction; 
mg/kg);  ^t0. 


TDI 


EDI 


BSC 


Pw 

BW 
DFw 


IRw 


Table?2  f)3  H 

density  ot  v^itei(l^Pcm^;  see  Volume  1  Table  3.2); 
tod<fler@y  Wight  (16.5  kg;  see  Volume  1  Table  2.4); 
grc^^ater/pore  water  dilution  factor  (54.3  for  Coarse  soils;  see 
derivation  below); 

ingestion  rate  of  water  for  toddler  (0.6  L/day;  see  Volume  1  Table  2.4); 
and, 

background  soil  concentration  (0  mg/kg;  see  Table  LI). 
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Substituting  these  values  in  the  above  equations  and  rounding  to  3  significant  figures  yields  a  value  of 
366  mg/kg  which  is  the  guideUne  for  protection  of  potable  groundwater  in  Coarse  soil  for  the  aromatic 
C>8-Cio  sub-fraction  (SQGgw). 

The  above  calculation  for  the  aromatic  C>8-Cio  sub-fraction,  and  similar  calculations  for  the  other  Fl 
sub-fractions  yield  values  (SQGowi)  that  are  tabulated  below,  together  with  the  assumed  proportion  of 
each  fraction  (Fi): 


Sub-Fraction 

aliphatic  C>6-C8 
aliphatic  C>8-Cio 
aromatic  C>8-Cio 


SQGcwi  (mg/kg) 
149,000 
21,200 
366 


Fi 
0.55 
0.36 
0.09 


The  overall  SQGgw  for  Fl  is  then  calculated  by  using  the  following  formula: 
SQGa^(mg/kg-bw/day)  =  ^—  


SQG 


GWi 


where: 


SQGgw  = 
Fi 

SQGGwi= 


soil  quality  guideline  for  protection  of  potable  groundwater  (mg/kg); 
the  assumed  proportion  of  the  fraction  made^^  of  sub-fraction 
(dimensionless;  see  Table  1 .2);  and, 
soil  quahty  guideline  for  protectic 


fraction  "i"  (mg/kg) 


Substituting  the  above  values  in  this  equation 
mg/kg  which  is  the  guideline  for 
(SQGgw),  Table  2.2. 

Calculation  of  Dilution  Factor 

The  dilution  factor  was  calculated 


groundwater  for  sub- 


elds  a  value  of  3,700 
for  PHC  fraction  Fl 


Where: 


DFw 

B 

K 


groundwater/pore  water  dilution  factor  (unitless); 

effective  mbdng  depth  in  aquifer  (2  m;  see  Volume  1  Table  3.2); 

saturated  hydraulic  conductivity  of  aquifer  (320  m/y  (Coarse  soil)  or  32 

m/y  (Fine  soil);  see  Volume  1  Table  2.1); 

hydraulic  gradient  (0.05  ;  see  Volume  1  Table  3.2); 
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I         =        infiltration  (recharge)  rate  (0.060  m/y  for  Coarse  soil  or  0.012  m/y  for 

Fine  soil;  see  Volume  1  Table  2.1);  and, 
L        =        site  length  (10  m;  see  Volume  1  Table  3.2). 

Substituting  these  values  in  the  above  equations  yields  values  for  the  dilution  factor  of  54.3  (Coarse  soil) 
and  27.7  (Fine  soil). 


3.6.2  BTEX  Compounds 

The  SQGgw  for  the  BTEX  compounds  are  calculated  using  the  same  formula  as  for  Fl  and  F2, 
adapted  to  use  the  Canadian  Drinking  Water  Quality  Guidelines  (Health  Canada,  1996b)  as  the 
toxicological  basis,  rather  than  the  TDI.  Data  for  toluene  in  the  residential  land  use  scenario  for  Coarse 
soil  are  provided  below  as  an  example: 

SQGa^  =C,AK,  +(e„  /p  J)Z)F^  +BSC 


Where: 


SQGgw= 
Cdw  = 
Kd  = 


Pw 

DFw 
BSC 


soil  quahty  guideline  for  protection  of  potable  groundwater  (mg/kg); 
drinking  water  quahty  guideline  (0.024  mg/L;  Table  5.1); 
chemical-specific  distribution  coefficient  (1.17  mL/g;  Koc  (234  mL/g)  x 
foe  (0.005);  see  Table  LI  and  Volume  1  Table  2.1); 
ratio  of  mass  of  water  in  soil/dry  mass  of  soil  (0.07  g/g;  see  Volume  1 
Table  2.1); 

density  of  water  (1.0  g/cm^;  see  Volume^  '{]pble3  2); 
groundwater/pore  water  dilution  fa 
3.6.2  above); 

background  soil  concentiation  (0  m^/^;'1see  TMHe  1.1). 


Substituting  these  values  in  the  abo\ 
0.86  mg/kg  which  is  the  guidehn 
(SQGgw). 


3.6.3  PHC  Fractions  F3  and  F4.  and  B(a)P 


derivation  in  Section 


insignificant  figures  yields  a  value  of 
idwater  in  Coarse  soil  for  toluene 


No  guideUnes  for  these  groups  or  compounds  are  calculated  for  these  patiiways  based  on  their 
extremely  limited  aqueous  solubility  and  subsurface  mobihty. 


3.6.4  Minimum  Till  Thickness 

At  some  sites,  a  sufficient  thickness  of  till  may  be  present  between  contaminated  soil  and  an  underlying 
domestic  use  aquifer  (DUA),  such  that  contaminant  concentrations  in  tiie  DUA  are  not  expected  to 
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exceed  respective  drinking  water  quality  guidelines.  In  such  cases,  the  guideline  for  the  protection  of 
groundwater  for  drinking  water  pathway  need  not  be  appHed.  Based  on  a  screening  level  calculation, 
the  minimum  thickness  of  saturated  Fine  material,  with  a  measured  bulk  hydrauhc  conductivity  of  10"^ 
m/s  or  less  (K<10"^  m/s),  required  to  exclude  this  pathway  is  5  m.  The  calculations  below  explain  how 
this  thickness  was  determined. 

The  calculation  was  based  on  the  following  assumptions: 

•  it  was  assumed  as  a  worst  case  that  hydrocarbon  compounds  were  each  present  in  pore  water  at 
the  contaminant  source  at  their  respective  solubiHties; 

•  dissolved  hydrocarbon  components  are  assumed  to  travel  downwards  through  till  underlying  the 
contaminant  source; 

•  hydrocarbon  concentrations  are  assumed  to  decrease  due  to  biodegradation  at  the  rates  used  in  the 
ecological  groundwater  model  (Section  4.3);  and, 

•  upon  reaching  the  DUA,  it  is  assumed  that  there  is  dilution  due  to  mixing  as  calculated  in  Section 
3.6.1  above. 

The  above  assumptions  were  used  to  calculate  the  minimum  thickness  of  till  (Lmm)  required  to  ensure 
that  concentrations  of  each  of  the  hydrocarbon  chemicals  of  concern  do  not  exceed  drinking  water 
guidelines  in  the  DUA  using  the  following  equation.  The  calculation  for  benzene  (the  most  mobile  of  the 
hydrocarbon  compounds)  is  provided  as  an  example: 


Where: 


Log 
S 

DWQG 


DF 


K 


lin 


^^H^  »°lB'^  F^P^ter/aquifer  mixing.  Fine  soil  (27.7;  calculated 
in  S^V-9^above); 

sati^BR^ertical  hydrauhc  conductivity  in  till  (3.15  m/year,  based  on  an 
assmned  hydraulic  conductivity  of  10"^  m/s); 
vertical  hydraulic  gradient  in  saturated  till  (0.1;  assumed  reasonable 
worst  case); 

half  hfe  of  compound  (1  year  for  benzene,  Table  1.1); 
retardation  factor  in  saturated  zone  (2.89;  calculated  below);  and, 
total  porosity  for  Fine  soil  (0.3;  see  Volume  1,  Table  2.1). 


)r  benze^  Table  1.1); 
•  component  (0.005  mg/L  for 


1 


tl/2 
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Substituting  these  values  for  benzene  in  the  above  equation,  and  rounding  to  the  nearest  meter,  yields  a 
value  for  the  minimurn  till  thickness  of  5  m,  using  benzene  as  an  example.  Performing  this  calculation  for 
other  hydrocarbon  compounds  shows  that  benzene  is  the  limiting  compound,  and  accordingly  5  m  is 
adopted  as  the  minimum  thickness  of  Fine  material  (K<10"^  m/s)  required  to  exclude  the  protection  of 
groundwater  for  drinking  water  pathway. 

It  should  be  noted  that  this  calculation  contains  many  conservative  assumptions.  In  particular  the 
requirement  is  that  the  measured  bulk  hydraulic  conductivity  of  the  material  is  less  than  10"^  m/s. 
Commonly-used  methods  of  measuring  bulk  hydrauUc  conductivity  in  the  field  (e.g.,  rising  head  test) 
measure  horizontal  hydraulic  conductivity.  The  above  calculations  are  based  on  vertical  hydraulic 
conductivity.  Vertical  hydrauHc  conductivities  are  often  assumed  to  be  an  order  of  magnitude  lower 
than  horizontal  values  in  sedimentary  materials  such  as  tiU,  and  so  significant  conservatism  is  introduced 
into  this  screening  level  calculation. 

Retardation  Factor 

The  retardation  factor  is  calculated  using  the  following  equation: 

_  y  I  9b^ocfoc 

e, 


where: 


Rs 
Pb 

Koc 


retardation  factor  in  saturated  zone 
dry  soil  bulk  density  (Fine  soil:  1 .4  g/c 
organic  carbon  partition  coefflcien 
fi:action  organic  carbon  (0  005  g/g, 


;m\ 


'^olumi 


le  1  Table  2.1); 
Table  1.1); 
Table  2.1);  and, 


total  soil  poro  i\  (Fine  so||p:30,  ^jJ^dlumeWable  2.1). 


Substituting  these  values  in  the  abov] 
Fine  soil  of  2.89. 

3.7   Example  Calculation  f 


a  value  tor  the  retardanon  factor  for  benzene  in 


nbgeni<ft;hemlcals 


Guidehnes  for  carcinogenic  chemi(^p^nzene  and  B(a)P)  are  calculated  in  a  similar  way  to  those  for 
non-carcinogenic  chemicals  with  the  following  differences: 


•  the  risk-specific  concentration  (RsC),  evaluated  at  an  incremental  cancer  risk  of  1  in  100,000,  is 
used  in  place  of  the  reference  concentration  (RfC); 

•  the  risk-specific  dose  (RsD),  evaluated  at  an  incremental  cancer  risk  of  1  in  100,000,  is  used  in 
place  of  the  tolerable  daily  intake  (TDI); 


Volume  2:  Guideline  Development 


16 


5.  Water  Quality  Guidelines 


•  background  exposure  is  not  considered,  as  guidelines  are  based  on  incremental  cancer  risk  above 
background; 

•  exposure  to  carcinogens  is  evaluated  for  lifetime  exposure  (CCME,  1996);  and, 

•  adults,  rather  than  toddlers,  are  used  as  the  receptor  of  concern  in  all  land  uses. 


The  soil  quahty  guidelines  calculated  for  benzene  for  the  soil  ingestion  pathway  (SQGsi)  are  presented  in 
Tables  2.1  to  2.4.  The  following  equation  was  used  to  calculate  the  SQGsi.  Data  for  benzene  in  a 
residential  land  use  scenario  are  provided  as  an  example: 

^RsDxSAFxBWxlO' 
^  "~      SIRxAF^  xET 


Where:  SQGsi  =  human  health  soil  quality  guideline  for  soil  ingestion  (mg/kg); 

RsD    =  risk-specific  dose  evaluated  at  an  incremental  cancer  risk  of  1 

100,000  (0.00069  mg/kg-bw/day;  see  Table  1.1); 

SAF    =  soil  allocation  factor  (0.5;  see  Table  1.1); 

BW     =  adult  body  weight  (70.7  kg;  see  Volume  1  Table  2.4); 

10^      =  conversion  factor  from  kg  to  g; 

SIR     =  soil  ingestion  rate  for  the  adult  (0.02  g/day;  see  Volume  1  Table  2.4;); 

AFg    =  absorption  factor  for  gut  ( 1 ;  see  Table  1.1);  and, 

ET      =  exposure  term  for  residential  use  (1;  see  Volume  1  Table  2.4). 


in 


Substituting  these  values  in  the  above  equations  and  rounding  to  2  si^ 
1,200  mg/kg,  which  is  the  guideline  for  incidental  human  soil  ingest 
(SQGsi)  (Tables  2.1  and  2.2). 


yields  a  value  of 
a  residential  setting 
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4    ECOLOGICAL  HEALTH  GUIDELINES 


This  section  describes  the  development  of  ecological  health  guidelines  for  BTEX,  B(a)P,  and  PHC 
fractions  Fl  to  F4,  and  provides  example  calculations  for  each  of  the  ecological  health  pathways 
examined  (i.e.,  plant/invertebrate  soil  contact,  soil  ingestion  by  hvestock/wildlife,  protection  of 
groundwater  for  aquatic  Ufe,  and  protection  of  groundwater  for  Hvestock/wildlife  ingestion),  where 
applicable.  Where  required,  ecological  exposure  limits  were  derived  for  this  project.  Details  are 
provided  in  Appendix  1. 

4.1    Plant/Invertebrate  Soil  Contact 


The  soil  quaUty  guidelines  calculated  for  the  plant/invertebrate  soil  contact  pathway  (SQGsc)  are 
presented  in  Tables  2.1  to  2.4.  SQGsc  for  PHC  fractions  Fl  to  F4  are  adopted  without  change  from 
CCME  (2000). 


Plant,  invertebrate,  and  micro-organism  toxicity  data  exist  for  BTEX,  and  are  summarized  in  Appendix 
I.  However,  significant  advances  have  been  made  in  the  last  few  years  in  the  techniques  for  determining 
the  toxicity  of  highly  volatile  compounds,  and  a  new  set  of  protocols  is  available  (Environment  Canada, 
1998a,b,c).  It  is  not  clear  whether  existing  data  are  acceptable  based  on  the  Environment  Canada 
guidelines.  Accordingly,  none  of  the  existing  data  were  used  in  the  guideline  derivation  process. 


A  new  study  was  commissioned  for  this  report.  The  purpose  of  the  study  was  to  determine  the  toxicity 


of  BTEX  compounds  to  one  terrestrial  plant  species  and  one  earthworm 
protocols  for  toxicity  tests  with  volatile  compounds.  A  single  plant  specie 
for  this  work,  because  the  species  chosen  was  the  most  sensii 
petroleum  hydrocarbon  Canada- Wide  Standard  (CCME,  2JJpO) 
International  (ESG,  2001),  with  the  following  scope: 


the  test  species  were  Eisenia  andrjsLiQ. 
wheatgrass); 

earthworm  tests  measured  7 
wheatgrass  tests  measured  se 
endpoints,  all  at  14  days; 
Two  soils  were  used:  "Artifici 
procedures  were  adopted  to 


using  up  to  date 
idered  acceptable 
work  done  for  the 
s  undertaken  by  ESG 


chyum  (early  northern 


t  and  root  length  and  dry  and  wet  biomass 


was  a  Coarse  soil;  and  "Alberta  Till"  was  a  Fine  soil; 
loss  of  volatile  compounds  from  the  tests;  and, 
chemical  analysis  was  undertaken  at  the  start  of  the  tests  to  estimate  the  actual  concentrations  of 
BTEX  compounds  to  which  the  organisms  were  exposed  at  the  start  of  the  tests. 


A  summary  of  the  results  of  this  study  can  be  found  in  Appendix  I.  The  derivation  of  the  soil  quality 
guideline  for  plant/invertebrate  soil  contact  (SQGsc)  followed  the  procedure  developed  for  other 
hydrocarbon  compounds  in  the  PHC  CWS  (CCME,  2000).  This  procedure  is  as  follows: 
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•  for  each  distinct  test/endpoint,  only  the  data  representing  a  50%  effect  are  considered  (i.e.,  median 
lethal  concentration  (LC50)  or  50%  inhibition  concentration  (IC50)); 

•  if  tests  differ  only  in  duration,  only  data  for  the  longest  duration  are  used; 

•  if  multiple  data  are  available  for  the  same  chemical,  endpoint  and  species,  these  data  are  replaced 
by  their  geometric  mean; 

•  for  natural  area,  agricultural,  or  residential  land  use,  the  SQGsc  was  calculated  as  the  25^*^  percentile 
of  plant  and  invertebrate  data;  and, 

•  for  commercial  and  industrial  land  use,  the  SQC^c  was  calculated  as  the  50^^  percentile  of  plant 
data  only. 

SQGsc  surface  soil  values  are  calculated  using  the  above  procedure  and  are  provided  in  Tables  2.1  and 
2.2.  SQGsc  values  for  subsoil  are  calculated  based  on  management  decisions  in  the  PHC  CWS 
(CCME,  2000).  In  the  PHC  CWS,  subsoil  guideUnes  were  between  2  and  6  times  greater  than  the 
surface  soil  guidelines,  based  on  the  lower  biological  activity  levels  at  subsoil  depths,  but  also  taking  into 
account  other  considerations  such  as  aesthetics,  safety,  and  underground  infrastructure,  hi  this 
document,  subsoil  guidelines  for  this  pathway  are  calculated  by  doubling  the  corresponding  surface  soil 
guideline,  except  in  cases  where  this  would  result  in  a  concentration  close  to  the  solubihty  of  the 
compound  in  question,  in  which  case  the  corresponding  surface  soil  guidehne  was  adopted  directly  as 
the  subsoil  guidehne.  Subsoil  guidelines  are  summarized  in  Tables  2.3  and  2.4. 


4.2   Soil  Ingestion  by  Livestock/Wildlife 

The  calculated  soil  quaUty  guidelines  for  the  soil  ingestion  by  livestock/^ 


The  SQGesi  was  calculated  using 
use  scenario  is  provided  as  an  e 


presented  in  Tables  2.1  to  2.4.   DTEDs  for  livestock  and  wil 
Appendix  1,  and  are  summarized  in  Table  1.1.  DTEDs 
were  adopted  directly  from  CCME  (2000).  The5Q 
dairy  cow  in  the  agricultural  land  use  sceriarioj^tfii^ffla  m 
soil  quahty  guideline  was  not  deve^^^br^^) 
considered  relevant  in  ecological  H^^^sH^kant 
accounted  for  in  the  soil  quality 


way  (SQGesi)  are 
eloped  for  BTEX  in 
hydrocWon  fractions  Fl  to  F4 
ped  Hsed  on  exposure  to  a 
natural^a  land  use  scenario.  A 
;enic  en^ints  are  not  normally 
inogenic  toxicity  of  B(a)P  was 


"nF3(CCME,  2000). 


tion.  Data  for  ethylbenzene  in  the  natural  area  land 


0.75  xDTEDxBWx  1,000 
SIRxBF 


Where:  SQGesi  =        ecological  quality  guideline  for  soil  ingestion  livestock/wildlife 

(mg/kg); 

0.75    =        factor  to  prevent  animals  from  being  exposed  to  more  than  75%  of  the 
DTED  (unitless;  CCME,  1996); 
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BW  = 

1,000  = 

SIR  = 
BF 


DIED  = 


daily  threshold  effect  dose  for  Uvestock/wildlife  (2.91  mg/kg-bw/day; 

see  Table  1.1,  and  Appendix  I); 

body  weight  for  deer  (68  kg;  see  Volume  1  Table  2.5); 

conversion  factor  from  kg  to  g; 

soil  ingestion  rate  for  deer  (44  g/day;  see  Volume  1  Table  2.5);  and, 
bioavailability  factor  (1;  assumed). 


Substituting  these  values  in  the  above  equation  and  rounding  to  2  significant  figures  yields  a  value  of 
3,400  mg/kg,  which  is  the  guideline  for  soil  ingestion  by  wildlife  (SQGesi;  Tables  2.1  and  2.2). 

4.3   Protection  of  Groundwater  for  Ecological  Receptors 

The  soil  quality  guidelines  calculated  for  protection  of  groundwater  for  aquatic  life  (SQGal),  and  for  the 
protection  of  groundwater  for  Uvestock/wildlife  watering  (SQGgi)  were  calculated  for  BTEX  and  PHC 
fractions  Fl  and  F2,  and  are  presented  in  Tables  2.1  to  2.4.  The  equations  below  were  used  for  all  the 
above  compounds.  The  BTEX  guidelines  were  calculated  using  the  chemical-specific  parameters  in 


The  Fl  and  F2  guidelines  were  calculated  separately  for  each  of  the  sub-fi:actions,  using  chemical- 
specific  parameters  in  Table  1 .2.  The  guidelines  for  each  sub-fi^ction  were  then  combined  using  the 
same  procedure  as  described  in  Section  3.6.1  for  the  protection  of  potable  groundwater  pathway.  The 
only  difference  between  the  Fl  and  F2  guidelines  calculated  here,  and  those  cal^^ted  in  the  Canada- 


Table  1.1. 


1 .  partitioning  from  soil  to  leachate; 

2.  transport  of  leachate  from  base  of  contamination  to  water  table; 

3 .  mixing  of  leachate  and  groundwater;  and, 

4.  groundwater  transport  downgradient  to  surface  water  receptor. 
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The  SQGal  guideline  for  ethylbenzene  in  Coarse  soil  is  provided  as  an  example: 

SQG,,=C,,DF 
DF  =  DFlxDF2xDF3xDF4 

where: 

SQGal  =        soil  quality  guideline  protective  of  groundwater  for  aquatic  life,  (mg/kg); 

Cw        =        water  quality  guideline  for  aquatic  hfe  (0.090  mg/L;  see  Table  5.1); 

DF        =        overall  dilution  factor  (878  L/kg); 

DF  1       =        dilution  factor  1 ,  (2.8 1  L/kg); 

DF2      =        dilution  factor  2,  (1 .00); 

DF3      =        dilution  factor  3,  (5.83);  and, 

DF4      =        dilution  factor  4,  (53.5). 

Substituting  these  values  in  the  above  equations  and  rounding  to  2  significant  figures  yields 
79  mg/kg,  which  is  the  guideline  for  protection  of  fireshwater  aquatic  life  for  ethylbenzene  in  Coarse  soil 
(SQGal)  (Tables  2.2  and  2.4).  Note  that  the  corresponding  SQGgi  values  for  livestock  and  wildlife 
watering  are  calculated  by  multiplying  the  appUcable  water  quality  guideline  (Table  5.1)  by  the  same 
dilution  factor.  The  calculations  for  tiie  individual  dilution  factors  are  reproduced  below. 


4.3.1   Dilution  Factor  1 

DDution  factor  1  (DFl)  is  the  ratio  of  the  concentration  of  a  cont 
leachate  that  is  in  contact  with  the  soil.  This  "dilution  fact 
between  contaminant  sorbed  to  soil,  contaminant  dissoj 
contaminant  present  as  soil  vapour.  DFl  is  ca 


where: 


DFl  = 

Koc  — 

foe  ~ 
0w  = 

H' 

Ba 
Pb 


the  concentration  in 
phase  partitioning 
as  leachate),  and 


dili^pKctor  1  (L/kg); 

organic  carbon  partition  coefficient  (537  mL/g;  see  Table  1.1); 
firaction  organic  carbon  (0.005  g/g;  see  Volume  1  Table  2.1); 
water  filled  porosity  (0.1 19;  see  Volume  1  Table  2.1); 
dimensionless  Henry's  Law  constant  (0.358;  Table  1.1); 
air  filled  porosity  (0.281;  see  Volume  1  Table  2.1);  and, 
dry  soil  bulk  density  (1.7  g/cm^;  see  Volume  1  Table  2.1). 


Substituting  these  values  in  the  above  equations  yields  a  value  for  DFl  of  2.81  L/kg. 
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4.3.2  Dilution  Factor  2 

Dilution  factor  2  (DF2)  is  the  ratio  of  the  concentration  of  a  contaminant  in  leachate  that  is  in  contact 
with  the  soil,  to  the  concentration  in  pore  water  just  above  the  groundwater  table.  DF2  takes  the  value 
1 .00  (i.e.,  no  dilution)  for  generic  guidelines  because  it  is  assumed  at  Tier  1  that  the  contaminated  soil 
extends  down  to  the  water  table. 

4.3.3  Dilution  Factor  3 

Dilution  factor  3  (DF3)  is  the  ratio  of  the  concentration  of  a  chemical  in  pore  water  just  above  the 
groundwater  table,  to  the  concentration  in  groundwater  beneath  the  source.  This  dilution  factor  reflects 
a  decrease  in  concentration  as  leachate  mixes  with  uncontaminated  groundwater.  DF3  is  a  function  of 
groundwater  velocity,  infiltration  rate,  source  length,  and  mixing  zone  thickness.  The  mixing  zone 
thickness  is  calculated  as  being  due  to  two  processes:  i)  mixing  due  to  dispersion,  and  ii)  mixing  due  to 
infiltration  rate.  The  equations  used  are  as  follows: 


DF3 = 1 + 


IX 


r+s 


where: 


V 
I 

X 


DF3  = 
Zd 


diliBn  ^BoiWdi^^ionless); 

aver^^vfflckiKs  of  mixing  zone  (0.181  m;  calculated  above); 
Darcy  Velocity  in  groundwater  (16  m/year); 
infiltration  rate  (0.060  nVyear;  see  Volume  1  Table  2.1); 
length  of  contaminated  soil  (10  m;  see  Volume  1  Table  4.1); 
mixing  depth  due  to  dispersion  (0.10  m;  calculated  above); 
mixing  depth  due  to  infiltration  rate  (0.081  m;  calculated  above); 
unconfined  aquifer  thickness  (5  m;  see  Volume  1  Table  4.1); 
aquifer  hydrauHc  conductivity  (320  m/year;  see  Volume  1  Table  2.1); 
and, 


r 


s 


da 

K 
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i         =        lateral  hydraulic  gradient  in  aquifer  (0.05;  see  Volume  1  Table  3.2). 
Substituting  these  values  in  the  above  equations  yields  a  value  for  DF3  of  5.83. 

4.3.4  Dilution  Factor  4 

Dilution  factor  4  (DF4)  accounts  for  the  processes  of  dispersion  and  biodegradation  as  groundwater 
travels  downgradient  from  beneath  the  source  of  contamination,  and  is  the  ratio  of  the  concentration  of  a 
chemical  in  groundw^ater  beneath  the  source,  to  the  concentration  m  groundwater  at  a  distance  (10  m  for 
Tier  1)  downgradient  of  the  source.  DF4  was  calculated  using  the  following  equations: 

4 

DF4  =  

exp(A)  X  erfc(B)  x  [erf(C)  -  erf(D)] 


D^=0.01x 
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where: 

DF4  =  dilution  factor  4  (dimensionless); 

erf  =  the  error  function; 

erfc  =  the  complementary  error  function; 

A  =  dimensionless  group  A  (-3.89;  calculated  above); 

B  =  dimensionless  group  B  (-15.8;  calculated  above); 

C  =  dimensionless  group  C  (7.50;  calculated  above); 

D  =  dimensionless  group  D  (-7.50;  calculated  above); 

X  =  distance  to  source  (10  m;  see  Volume  1  Table  4.1); 

Dx  =  dispersivity  in  the  direction  of  groundwater  flow  (1 .0  m;  calculated); 

Ls  =  decay  constant  (1 .79  year'';  calculated  above); 

V  =  velocity  of  the  contaminant  (3.22  m/year;  calculated  above); 

t  =  time  since  contaminant  release  (100  years;  see  Volume  1  Table  4.1); 

y  =  distance  to  receptor  perpendicular  to  groundwater  flow  (0  m;  see 
Volume  1  Table  4.1); 

V  =  source  width  (30  m;  see  Volume  1  Table  4.1); 

Dy  =  dispersivity  perpendicular  to  the  direction  of  groundwater  flow  (0.10 

m;  calculated  above); 

ti/2s  =  decay  half-life  of  chemical  in  aquifer  (0.3 12  years;  see  Table  1.1); 

d  =  water  table  depth  (3  m;  see  Volume  1  Table  4.1); 

V  =  Darcy  velocity  in  groundwater  (16  m/year;  calculated); 
Gt  =  total  soil  porosity  (0.40;  see  Volume  1  Table  2.1^ 

Rs  =  retardation  factor  in  saturated  zone  (12.4;  ca^Medi  above); 

pb  =  dry  soil  bulk  density  (1 .7  g/cm^;  seeJii^^iP^Kle  2.1); 

Koc  =  organic  carbon  partition  co^^ient  (537  mL/gBe  Table  1.1);  and, 

^  =  fraction  oiganic  carbon  (0  005  g  g  see  Volume'!  Table  2.1). 

Substituting  these  values  in  the  abo\c  equations  >ieljds  a  \aluc  for  DF4  of  53.5.- 

5    WATER  QUALITY  GUIDELINES 

Two  types  of  water  quaUty  guidelines  are  deiincLl  in  this  project. 

Exposure  Point  water  quaUty  guidelines  are  appUed  to  the  water  to  which  a  receptor  is  actually 
exposed,  and  are  used  in  this  project  as  targets  for  calculating  soil  guidelines  protective  of  various 
groundwater  uses.  Exposure  Point  water  quality  guidelines  are  summarized  in  Table  5.1,  and  are 
discussed  in  more  detail  in  Section  5.1  below. 

Groundwater  quality  guidelines  provide  a  reference  value  to  allow  a  determination  of  the  quality  of 
groundwater,  and,  for  some  water  uses,  take  into  account  the  effect  of  certain  transport  processes  that 
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may  occur  between  the  point  of  groundwater  measurement  and  the  receptor.  Groundwater  quality 
guidelines  are  summarized  in  Table  5.2,  and  are  discussed  in  more  detail  in  Section  5.2  below. 


5.1    Exposure  Point  Water  Quality  Guidelines 

Exposure  point  water  quality  guidelines  were  compiled  or  calculated  for  BTEX  and  for  PHC  fractions 
Fl  and  F2  to  protect  the  following  water  uses: 


•  human  drinking  water; 

•  freshwater  aquatic  life; 

•  livestock  watering;  and, 

•  wildlife  watering. 


Exposure  point  water  quality  guidehnes  are  summarized  in  Table  5.1.  Guidelines  for  F3,  F4,  and  BaP 
are  not  required,  since  the  low  aqueous  solubihty  and  high  Kow  of  these  hydrocarbons  makes  it  unlikely 
that  exposure  to  dissolved  concentrations  of  these  chemicals  in  water  will  be  significant. 


Where  available  and  appropriate,  CCME  (1999)  water  quahty  guidelines  are  used.  Otherwise, 
guidelines  were  calculated  for  this  project.  Example  calculations  are  provided  below. 


5.1.1   Human  Drinking  Water 

Human  drinking  water  quality  guidelines  are  summarized  in  Table  5.1 
from  Health  Canada  (1996b).  Guidelines  for  Fl  and  F2  were  calc 
guideline  for  PHC  fraction  Fl  is  calculated  as  an  example 


Drinking  Wata^^i 


Where: 


BW  = 

TDI  = 

IRw  = 

BIOo  = 


lines  are  available 
fomiula  below.  The 


rec^o^^a^m^eigm  (16.5  kg  (child,  0.5-4  years);  see  Volume  1 
Tal: 

tollMe  daily  intake  for  Fl  (0.168  mg/kg-bw/day;  see  below); 
drinking  water  ingestion  rate  (0.6  L/day  (child,  0.5-4  years);  see 
Volume  1  Table  2.4);  and, 

oral  bioavailability  (gut  absorption  factor)  (1.0;  see  Table  1.3). 


Substituting  these  values  in  the  above  equations  and  rounding  to  2  significant  figures  yields  a  drinking 
water  guideUne  for  PHC  fraction  Fl  of  4.6  mg/L  (Table  5.1).  The  calculation  for  TDI  is  reproduced 
below. 
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The  tolerable  daily  intake  for  each  fraction  (Fl  and  F2)  was  calculated  from  the  tolerable  daily  intake 
(TDI)  for  each  sub-fraction  as  pubhshed  by  TPHCWG  (1997),  and  the  relative  abundance  of  each  sub- 
fraction  in  the  fraction  (Table  1 .2),  using  the  following  formula: 


Tolerable  Daily  Intake  for  PHC  Fraction  {mgl  kg-bwl  day) 


^TDI, 


where: 


Fi       =        the  assumed  proportion  of  the  fraction  made  up  of  sub-fraction  i 

(dimensionless;  see  Table  1.2);  and, 
TDIj    =        the  tolerable  daily  intake  of  sub-fraction  i  (mg/kg-bw/day;  see  Table 

1.2). 


Tolerable  Daily  Intake  for  F\ 


1^  5   /[o.l  J'^[o.04 


0. 1 68  mg I  kg-  bwlday 


5. 1 .2  Freshwater  Aquatic  Life 

Exposure  point  water  quaUty  guidehnes  (AENV,  1999)  for  freshwater  aquatio^Uffi  are  summarized  in 
Table  5.1.  Guidehnes  are  available  for  benzene,  toluene,  and  ethylbenze^  ^^^l^lenes.  A  guidehne 
for  xylenes  was  derived  using  the  protocol  published  in  CCM^^Q!^9y^e\aj^s  are  included  in 
Appendix  L  Guidehnes  for  Fl  and  F2  were  culculatcd  using'the  fo^SlaJpelov^The  freshwater  aquatic 
hfe  guidehne  for  Fl  is  provided  as  an  example 


Exposure  Po  int  Aquatic  \ 


where: 


Fi       =        the  assumed  proportion  of  the  fraction  made  up  of  sub-fraction 

(dimensionless;  see  Table  1.2);  and, 
WQGi  =        the  water  quaUty  guidehne  for  sub-fraction  i  (mg/L;  see  Table  1.2). 


Exposure  Po  int  Aquatic  Life  Guideline  for  Fl 


1 


\0.0465  )  \0.0076  )  [0.14  ) 


0.017  mg/L 
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5.1 .3  Livestock  and  Wildlife  Watering 

Exposure  point  water  quality  guidelines  for  livestock/wildlife  watering  are  summarized  in  Table  5.1. 
Livestock  watering  guidelines  are  available  (CCME,  1999)  for  toluene,  and  ethylbenzene.  However, 
these  guidelines  are  based  on  the  human  smell  and  taste  threshold  for  these  chemicals.  This  project 
developed  health-based  Uvestock/wildhfe  watering  guidelines  for  BTEX  and  Fl  and  F2.  Watering 
guidelines  for  hvestock  and  wildlife  are  calculated  using  parameters  for  dairy  cows  and  mule  deer, 
respectively  (parameters  available  in  Volume  1,  Table  2.5).  The  wildlife  watering  guidehne  for  Fl  was 
calculated  as  an  example: 


Livestock  /  Wildlife  Watering  Guideline  ( mg/  L )  = 


(BWxDTED^ 


^JR^xBIOo  J 


Where: 


BW     =        body  weight  for  mule  deer  (68  kg;  see  Volume  1  Table  2.5); 
DTED  =        daily  threshold  effect  dose  for  Fl  (9.74  mg/kg-bw/day;  Table  1 .3); 
IRw     =        drinking  water  ingestion  rate  for  mule  deer  (4.4  L/day;  see  Volume  1 
Table  2.5);  and, 

BIOo  =        oral  bioavailability  (gut  absorption  factor)  ( 1 .0;  see  Table  1 .3). 


Substituting  these  values  in  the  above  equation  and  rounding  to  2  significant  figures  yields  a  wildlife 
watering  guidehne  for  PHC  fi:action  Fl  of  150  mg/L  (Table  5.1). 


5.2   Groundwater  Quality  Guidelines 

Groundwater  water  quahty  guidehnes  are  summ; 
point  water  quahty  guidelines  to  protect  th( 
water  use  is  discussed  below. 


5.2.1   Human  Drinking  Water 


erived  firom  exposure 
e  procedure  for  each 


The  groundwater  quaUty  guideli^por  Iroian  drinking  water  are  adopted  directly  fi-om  the 
corresponding  exposure  point  wat^^Hity  guidelines,  based  on  the  assumption  that  a  drinking  water 
well  could  potentially  be  drilled  anywhere  within  a  former  upstream  oil  and  gas  facihty.  However,  the 
groundwater  quaUty  guidelines  for  human  drinking  water  need  only  be  apphed  to  groundwater  that  is  in 
or  potentially  in  hydraulic  contact  with  a  Domestic  Use  Aquifer,  as  defined  by  AENV  (2001). 
Guidance  on  determining  whether  contaminated  groundwater  is  in  hydrauhc  contact  with  a  Domestic 
Use  Aquifer  is  provided  in  Section  3.6.4. 
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5.2.2  Livestock  Watering 

The  groundwater  quahty  guidelines  for  livestock  watering  are  adopted  directly  from  the  corresponding 
exposure  point  water  quaUty  guidelines,  based  on  the  assumption  that  a  dugout  or  water  well  for 
livestock  watering  could  potentially  be  installed  anywhere  within  a  former  upstream  oil  and  gas  facility. 
The  groundwater  quality  guidehne  for  Uvestock  watering  need  only  be  applied  where  the  land  use  is 
agricultural. 


5.2.3  Freshwater  Aquatic  Life  and  Wildlife  Watering 

Two  cases  are  considered  for  these  two  water  uses.  Separate  guidelines  are  derived  for  groundwater 
less  than  10  m  from  the  nearest  surface  water  body,  and  for  groundwater  more  than  10  m  from  the 
nearest  surface  water  body. 

Groundwater  Less  Than  10  m  From  The  Nearest  Surface  Water  Body 

For  groundwater  less  than  10  m  from  the  nearest  surface  water  body,  the  exposiire  point  water  quality 
guidelines  are  adopted  directly  as  groundwater  quaUty  guidelines.  Note  that  no  groundwater  guidehnes 
are  provided  in  this  category  for  Fl  and  F2,  as  the  available  data  are  not  considered  appropriate. 


Groundwater  More  Than  10  m  From  The  Nearest  Surface  Water  Body 

For  groundwater  more  than  10  m  from  the  nearest  surface  water  body,  the  guidelines  ("the  >10  m 
guidelines")  are  less  stringent  than  the  corresponding  exposure  point  water  quaUty^mdelines,  These  less 
stringent  guidelines  are  based  on  the  assumption  that  groundwater  transp^^^^ses  will  result  in  a 
decrease  in  concentration  between  the  point  of  measurement  and  a^^^^i^^^in  or  drinking  from  a 
surface  water  body. 


The  >10  m  guidelines  are  calculated  by 
guideline  by  the  dilution  factor 
guidehne  for  protection  of  ecologi] 
are  used  as  in  the  calculation  in  S 
Coarse  soil  was  calculated  using 
vahd  guidelines  could  be  calculate 
contamination  in  groundwater  wUl 
required  for  groundwater  more 
life  or  wildlife  watering. 


g  expc^e  point  water  quaUty 
e  calcSion  of  the  soil  quaUty 
4.3.4).  All  the  same  parameters 
'cS^  10  m  offset.  A  set  of  guidelines  for 
rs  for  Coarse  soil  (Table  5.2).  However,  no 
e  M,  because  the  model  does  not  predict  that  hydrocarbon 
much  as  10  m  in  this  material.  Accordingly  no  guideUnes  are 
from  a  surface  water  body  in  Fine  soil  for  freshwater  aquatic 


The  groundwater  quality  guidehne  for  protection  of  freshwater  aquatic  Ufe  is  applicable  to  aU  land  uses. 
The  groundwater  quaUty  guideline  for  protection  of  wildUfe  watering  is  only  appUcable  to  natural  area  or 
agricultural  land  use. 


Volume  2:  Guideline  Development 


28 


6.  References 


6  REFERENCES 

AENV  (Alberta  Environmental  Protection),  1999.    Surface  Water  Quality  Guidelines  for  Use  in 

Alberta.  Environmental  Sciences  Division.  November  1999. 
AENV(Alberta  Environment),  2001.  Alberta  Groundwater  Quality  Objectives  (in  preparation). 
ATSDR  (Agency  for  Toxic  Substances  and  Disease  Registry),  1999.    Toxicological  Profile  for 

Ethylbenzene.  U.S.  Department  of  Health  and  Human  Services.  U.S.  Public  Health  Services. 
BCMELP  (British  Columbia  Ministry  of  Environment,  Lands  and  Parks),  1996.  Overview  of  CSST 

Procedures  for  the  Derivation  of  Soil  Quahty  Matrix  Standards  for  Contaminated  Sites.  BC 

Ministry  of  Environment,  Lands  and  Parks. 
CCME  (Canadian  Council  of  Ministers  of  the  Environment),  1996.  A  Protocol  for  the  Derivation  of 

Environmental  and  human  Health  Soil  Quality  Guidelines.  Canadian  Council  of  Ministers  of  The 

Environment.  The  National  Contaminated  Sites  Remediation  Program.  March,  1996.  CCME- 

EPC-IOIE. 

CCME  (Canadian  Council  of  Ministers  of  the  Environment),  1999.  Canadian  Environmental  QuaUty 
Guidelines.  Canadian  Council  of  Ministers  of  the  Environment.  Winnipeg. 

CCME  (Canadian  Council  of  Ministers  of  the  Environment),  2000.  Canada- Wide  Standards  for 
Petroleum  Hydrocarbons  (PHC)  in  Soil:  Scientific  Rationale,  Supporting  Technical  Document. 
December,  2000. 

Environment  Canada,  1998a.  Development  of  Plant  Toxicity  Tests  for  Assessment  of  Contaminated 
Soils.  Prepared  for  Method  Development  and  AppUcation  Division,  Tech^^y  Development 
Directorate,  Environment  Canada,  Ottawa,  Ontario,  pp.  75  (Appendi^MP^ 

Environment  Canada,  1998b.  Development  of  Earthworm  Toxicit^fipPfOT  |Bessment  of 

Contaminated  Soils.  Prepared  for  Method  Developn^^ind^fo^atioiiRvision,  Technology 
Development  Directorate,  Environment  C^^k,  O^^^OiH^P)p.  Sm^ppendices). 

Environment  Canada,  1998c.  Development  o^^^^dufloMOxH  Test  wp^  Onychiurus  folsomi 
for  Assessment  of  Contamin^^^&.  Ma^fd  f|fe^K)difevelopment  and  Application 
Division, Technology  Devel(|g^M|iiW^ftL ^HRS^inuanada, Ottawa,  Ontario, pp.  250 

ESG  International  Inc.,  2001.  ToBtj^ps^nemof  BTEX  Compounds.  Report  prepared  for  Dr. 

Ted  Nason,  Alberta  Enviro^^^^n^^nmental  Science  Division.  June  2001 . 
Health  Canada,  1992.   Toluene:  ^toity  Substances  List  Assessment  Report  No.  4.   Health  and 

Welfare  Canada.  Environment  Canada.  Ottawa,  ON.  En40-215/4E. 

Health  Canada,  1993.    Xylenes:  Priority  Substances  List  Assessment  Report.    Health  Canada. 

Environment  Canada.  Ottawa,  ON.  En40-215/22E. 
Health  Canada,  1996a.    Health-Based  Tolerable  Daily  Intakes/Concentrations  and  Tumorigenic 

Doses/Concentrations  for  Priority  Substances.     Health  Canada,  Environmental  Health 

Directorate,  Health  Protection  Branch.  96-EHD-194. 


Volume  2:  Guideline  Development 


29 


6.  References 


Health  Canada,  1996b.  Guidelines  for  Canadian  Drinking  Water  Quality,  Sixth  Edition.  Federal- 
Provincial  Subcommittee  on  Drinking  Water  of  the  Federal-Provincial  Committee  on 
Environmental  and  Occupational  Health.  Ref  96-EHD-196. 

TPHCWG  (Total  Petroleum  Hydrocarbon  Criteria  Working  Group),  1997.  Total  Petroleum 
Hydrocarbon  Criteria  Working  Group  Series  (4  Volumes). 

US  EPA  (United  States  Environmental  Protection  Agency),  2001.  IRIS  online  database. 
http://www.epa.gov/iris/ 


Volume  2:  Guideline  Development  30 


APPENDIX  I 


Volume  2:  Guideline  Development 


31 


A1.  Introduction 


A1.  INTRODUCTION 

This  Appendix  provides  background  information  on  the  toxicity  data  that  were  used  to  derive  benzene, 
toluene,  ethylbenzene,  and  xylenes  (BTEX)  exposure  limits  for  ecological  receptors.  Exposure  limits  for 
the  four  petroleum  hydrocarbon  (PHC)  fractions  Fl  to  F4  were  adopted  directly  form  CCME  (2000), 
and  are  summarized  in  Tables  1.2  and  1.3  of  the  main  text.  BTEX  exposure  limits  for  three  groups  of 
receptors  are  discussed: 

•  Plants,  soil  invertebrates,  and  micro-organisms  (Section  2); 

•  livestock  and  wildhfe  (Section  3);  and, 

•  freshwater  aquatic  life  (Section  4). 


A2.    PLANTS,  SOIL  INVERTEBRATES  AND  MICRO-ORGANISMS 

Data  on  the  toxicity  of  the  chemicals  of  concem  to  terrestrial  plants,  invertebrates  and  microorganisms 
are  required  to  assess  the  ecological  soil  contact  pathway,  and  to  calculate  the  soil  quahty  guideline  for 
soil  contact  (SQGsc).  Existing  data  are  reviewed  in  Section  2.1  below.  These  data  are  not  used  in  the 
guidehne  derivation  process,  due  to  uncertainties  in  the  protocols  used  for  determining  the  toxicity  of 
volatile  compounds  in  soil.  A  new  study  was  commissioned  for  this  report.  This  work  is  described  in 
Section  2.2,  and  is  used  as  the  basis  for  guideline  derivation  of  the  ecological  soil  contact  pathway. 


A2.1    Review  of  Existing  Data 


en  made  ia  the  last  fe^ 


In  this  Section,  the  existing  data  on  the  toxicity  of  tlic  chprm^M  ^  com 
invertebrates  and  microorganisms  are  reviewed.  Significant  "advances' iiphi 
the  toxicity  of  highly  volatile  compounds  in 
protocols  is  available  (Environment.  Caffiidj 
obtain  the  existing  data  were  accq^taHe  lbasI 
these  data  are  used  in  the  guidehne  detivatipn:j>roci 


to  terrestrial  plants, 
ques  for  determining 
ears,  and  a  new  set  of 


ItMiotlefear  whether  the  protocols  used  to 
standaras  Bbted  above.  Accordingly,  none  of 


A2.1.1  Benzene 


Existing  benzene  data  are  reviewed  below. 


and,  they  are  included  for  completeness  only. 


Invertebrates 

Environment  Canada  (1995)  conducted  a  series  of  experiments  on  earthworms  (Eisenia  foetidd).  The 
7-day  LC25  values  were  reported  to  be  42  and  280  mg/kg  for  the  two  soils  tested.  The  NOEC  and 
LOEC  for  growth  {Eisenia  foetidd)  were  4%  and  8%  (dry  weight),  respectively,  for  a  4  mm  layer  of 
sludge  applied  to  the  surface  of  a  silt  loam  (Hartenstein,  1982).  The  NOEC  for  survival  was  8% 
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(Hartenstein,  1982).  In  two  filter  paper  contact  tests,  the  LC50  for  the  earthworm  Eisenia  foetida  were 
98  |Lig/cm^  (Neuhauser  et  al.,  1985)  and  6.15  P-g/kg  (Callahan  et  ai.,  1994).  An  air  concentration  of 
10,000  -  210,000  mg/m^  is  reportedly  lethal  to  insects  (Miller  et  ai,  1976). 


Plants 

Environment  Canada  (1995)  conducted  a  series  of  experiments  on  radish  {Raphanus  sativa)  and 
lettuce  {Lactuca  sativa).  The  reported  EC25  values  for  seedling  emergence  were  22  and  26  mg/kg  for 
radishes  and  7.0  and  73  mg/kg  for  lettuce.  The  reported  EC 25  values  for  root  elongation  were  14  and 
127  mg/kg  for  radishes  and  30  and  56  mg/kg  for  lettuce.  Lettuce  {Lactuca  sativa)  germination  EC50  in 
agar  was  greater  than  78  mg/L  (solubility  limit  for  benzene)  (Reynolds,  1989). 

An  air  concentration  of  10,000  mg/m^  is  acutely  toxic  to  plants  (Miller  et  al,  1976).  The  LC50 
(benzene  vapours)  for  runner  bean  (Phaseolus  multijlorus)  and  parsnip  leaves  was  reported  to  be  154 
X  10^  and  269  x  10^  mol/L,  respectively  (Ivens,  1952).  The  EC 50  (benzene  vapovirs)  for  tobacco 
(Nicotiana  tabacum)  pollen  germination  was  36.5  mg/L  (Schubert  et  al,  1995). 


An  8-hour  exposure  to  benzene  vapours  at  1.2  mM/L  resulted  in  trace  injury  (as  measured  by  leaf 
damage)  to  barley  plants.  A  V2-hour  and  1-hour  exposure  to  vapours  at  2.7  mM/L  resulted  in  95%  and 
100%  injury,  respectively  to  barley  plants.  A  2-hour  exposure  at  2.7  and  3.0  mM/L  resulted  in  0%  and 
10%  injury,  respectively  to  carrot  plants  (Currier  and  Peoples,  1954).  A  2-hour  exposure  to  benzene 
vapours  at  3.2  x  10"^  M  resulted  in  100%  injury  (as  measured  by  leaf  damage)  in  barley  and  tomato 
plants  and  95%  injury  in  carrot  plants.  A  %-hour  exposure  resulted  in  60%  injury®  barley,  80%  injury 
in  tomato  plants  and  0%  injury  in  carrot  plants.  Benzene  vapours  at  2.2  x  Jfif^^Jsulted  in  2%  injury 
in  barley  following  a  Vi-hour  exposure  and  25%  injury  following  ^^HmWB^^-  Vapours  at  6.4  x 
10"^  M  resulted  in  40%>  injury  in  barley  following  a  V4-hou|;^pos 
hour  exposure  (Currier,  1 95 1 ). 


Soil  Microorganisms 
Microbial  respiration  was  not  affe 
decrease  in  microbial  respiration 
effects  on  soil  microorganisms  00 
Ammonia  oxidation  EC50  by  the 
(soil  solution)  (Keener  and  Arp, 


injury  following  a  Ka- 


g  in  a  silt  loam  but  a  transient 
mg/kg  (Walton  et  al,  1989).  No 
tion  of  100  mg/kg  (Anderson  et  al,  1991). 
ifrosomonas  europaea  was  reported  to  be  132  uM 


A2. 1.2  Toluene 


Existing  toluene  data  are  reviewed  below. 


Invertebrates 

Environment  Canada  (1995)  conducted  a  series  of  experiments  on  earthworms  (Eisenia  foetida).  The 
7-day  LC25  values  were  reported  to  be  77  and  1 1  mg/kg  for  the  two  soils  tested.  The  earthworm 
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{Eisenia  foetida)  NOEC  for  appearance  was  reported  to  be  between  15  and  50  mg/kg,  while  the 
LC50  was  between  150  and  280  mg/kg  (Sloof  and  Blokzijl,  1988).  Both  the  LC50  and  NOEC  for 
earthworm  {Eisenia  foetida)  survival  were  between  222  and  400  mg/kg.  The  NOEC  for  reproduction 
was  between  71  and  222  mg/kg  (Vonk  et  al,  1986).  The  NOEC  and  LOEC  for  growth  (Eisenia 
foetida)  were  0.1%  and  1.0%  (dry  weight),  respectively  for  a  4  mm  layer  of  sludge  applied  to  the 
surface  of  a  silt  loam.  The  NOEC  and  LOEC  for  survival  were  1 .0  and  4%,  respectively  (Hartenstein, 
1982). 


In  two  filter  paper  contact  test  wdth  the  earthworm  Eisenia  foetida,  the  LC50  was  reported  to  be  75 
|Lig/cm^  (Neuhauser  et  al.,  1985)  and  4.18  |ig/kg  (Callahan  et  al,  1994).  Nematode  abundance  and 
arthropod  activity  were  not  affected  at  20  |Lig/mL  (soil  solution)  (Fuller  et  al,  1997). 


Plants 

Environment  Canada  (1995)  conducted  a  series  of  experiments  on  radish  (Raphanus  sativd)  and 
lettuce  ([.actuca  sativd).  The  reported  EC25  values  for  seedling  emergence  were  7.1  mg/kg  for 
radishes  and  8.6  and  9.8  mg/kg  for  lettuce  (Note:  the  second  EC 25  values  for  radishes  could  not  be 
calculated).  The  reported  EC 25  values  for  root  elongation  were  14  and  7.0  mg/kg  for  radishes  and  3.7 
and  5.9  mg/kg  for  lettuce.  Plant  grov^  inhibition  and  chlorosis  occurred  at  a  soil  concentration  of 
1,000  mg/kg  (wet  weight)  (Sloof  and  Blokzijl,  1988).  Lettuce  (fjactuca  sativd)  shoot  growth  EC 50 
was  >1, 000  mg/kg  (Hulzebos    a/.,  1993). 


Com  and  soybean  germination  NOEC  =  20,000  mg/kg  in  clay.  Soybean  shq; 
LOEC  (32%  reduction)  =  2,000  and  20,000  mg/kg,  respectively  in  cla^ 
(30%  reduction)  =  200  mg/kg.  Soybean  germination  NOEC  and 
2,000  mg/kg,  respectively  in  a  sandy  loam  at  pH  4.   Com  ge 
reduction)  =  2,000  and  20,000  mg/kg,  respectively  in  a  saddjr  Ip; 
germination  was  not  affected  at  20,000  mg/k] 
(40%  reduction)  =  200  mg/kg  in  a 
reduction)  =  2,000  and  20,000  m] 
NOEC  and  LOEC  (22%  reductioi 
(Overcashe^a/.,  1982). 


eight  NOEC  and 
oot  weight  LOEC 
reduction)  =  200  and 
C  and  LOEC  (86% 
bean,  com  and  fescue 
shoot  weight  LOEC 
EC  and  LOEC  (68% 
Fescue  shoot  weight 
a  sandy  loam  at  pH  6 


Seed  germination  was  not  affecte(lg^0^  )Lig/mL  (soil  solution)  (Fuller  et  al,  1997).  Plant  growth 
inhibition  and  chlorosis  occurred  Wa.  water  concentration  of  500  mg/L  (Sloof  and  Blokzijl,  1988). 
Lettuce  (Lactuca  sativa)  shoot  growth  EC 50  was  16  mg/L  (solution)  (Hulzebos  et  al,  1993). 


The  LC50  for  runner  bean  (Phaseolus  multiflorus)  and  parsnip  leaves  was  47.5  X  10^  and  96.7  x  10^ 
mol/L,  respectively  (Ivens,  1952).  The  EC25  and  EC50  (vapours)  for  tobacco  Q^icotiana  tabacum) 
pollen  germination  were  9.8  and  28.9  mg/L  (Schubert  et  al,  1995).  A  2-hour  exposure  to  toluene 
vapours  at  1.3  x  10^  M  resulted  in  100%  injury  (as  measured  by  leaf  damage)  in  barley  and  tomato 
plants  and  98%  injury  in  carrot  plants.  A  %-hour  exposure  resulted  in  70%  injury  in  barley,  85%  injury 
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in  tomato  plants  and  0%  injury  in  carrot  plants.  Toluene  vapours  at  0.69  x  lO'"*  M  resulted  in  2%  injury 
in  barley  following  a  !/4-hour  exposure  and  50%  injury  following  a  2-hour  exposure.  Vapours  at  4.9  x 
10"^  M  resulted  in  100%  injury  in  barley  following  a  %-hour  exposure  (Currier,  1951). 


Soil  Microorganisms 

The  NOEC  for  microbial  respiration  and  ammonification  ranged  from  100  -  1,300  mg/kg  while  the 
NOEC  for  nitrification  was  <26  mg/kg  (Sloof  and  Blokzijl,  1988).  Vonk  et  al.  (1986)  reported  the 
NOEC  for  microbial  respiration  to  be  between  300  -  1,000  mg/kg  and  the  NOEC  for  nitrification  to  be 
<20  mg/kg.  A  transient  increase  in  microbial  respiration  occurred  at  1,000  mg/kg  in  a  silt  loam  while  a 
transient  decrease  occurred  in  a  sandy  loam  (Walton  et  al,  1989).  A  concentration  of  25  mg/kg  had 
no  effect  on  microbial  respiration  (Kirchmann  et  al,  1991)  and  no  effects  on  soil  microorganisms  were 
reported  at  a  soil  concentration  of  100  mg/kg  (Anderson  etal,  1991). 

There  was  no  effect  on  ammonification  or  soil  denitrification  at  20  |ig/mL  (soil  solution)  (Fuller  and 
Scow,  1997).  The  NOEC  and  LOEC  for  toxicity  to  toluene  degrading  microorganisms  was  625  and 
1,000  )Lig/mL  (soil  solution),  respectively  (Mu  and  Scow,  1994).  The  ammonia  oxidation  EC  50  by  the 
soil  bacterium  Nitrosomonas  europaea  was  106  uM  (soil  solution)  (Keener  and  Arp,  1994). 
Microbial  diversity  NOEC  and  LOEC  were  reported  to  be  60  and  100  |xg/mL  (soil  solution), 
respectively  (Fuller  et  al,  1997).  Total  culturable  heterotrophs  were  sUghtly  reduced  at  200  |ig/mL 
(soil  solution)  (Fuller  et  al,  1997).  Ammonia  oxidation  NOEC  and  LOEC  were  20  and  60  |ig/mL 
(soil  solution),  respectively  while  the  nitrite  oxidation  NOEC  and  LOEC  were  60  and  100  |ig/mL  (soil 
solution),  respectively  (Fuller  and  Scow,  1996). 

A2.1.3Ethylbenzene 

Existing  ethylbenzene  data  are  reviewed  below 
Invertebrates 

Environment  Canada  (1995)  conducl^il^^rW^Bpe^^^&ipilrthworms  {Eisenia  foetida).  The 
7-day  LC25  values  were  reported  to^e  ^i^i^^m^Kfo]^^  two  soils  tested.  In  two  filter  paper 
contact  test,  the  earthworm  {Eisemi^oe^^)pSl'i^^K  |ig/cm^  (Neuhauser  et  al,  1985)  and  4.93 
|ig/kg  (Callahan  et  al ,  1 994). 

Plants 

Environment  Canada  (1995)  conducted  a  series  of  experiments  on  radish  {Raphanus  sativa)  and 
lettuce  (Lactuca  sativa).  The  reported  EC 25  values  for  seedling  emergence  were  16  and  7.0  mg/kg  for 
radishes  and  7.0  and  5.0  mg/kg  for  lettuce.  The  reported  EC25  values  for  root  elongation  were  31  and 
70  mg/kg  for  radishes  and  5.8  and  24  mg/kg  for  lettuce.  The  LC50  (ethylbenzene  vapours)  for  runner 
bean  {Phaseolus  multiflorus)  and  parsnip  leaves  was  25.5  x  10^  and  45.2  x  10^  mol/L,  respectively 
(Ivens,  1952). 
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Soil  Microorganisms 

The  ammonia  oxidation  EC50  by  the  soil  bacterium  Nitrosomonas  europaea  was  143  uM  (soil 
solution)  (Keener  and  Arp,  1994). 


A2.1. 4  Xylenes 

Existing  xylenes  data  are  reviewed  below. 
Invertebrates 

Environment  Canada  (1995)  conducted  a  series  of  experiments  on  earthworms  (Eisenia  foetida).  The 
7-day  LC25  values  were  reported  to  be  48  and  63  mg/kg  for  the  two  soils  tested.  The  LC50  for  the 
grain  weevil  (Calandra  granarid)  was  31  g/m^  for  o-xylene  and  48  g/m'  for  /7-xylene  (Miller  et  al, 
1976).  A  dose  of  0.002  mL  was  toxic  to  the  housefly  (Musca  domes tica)  (Miller  et  al,  1976). 

Plants 

Environment  Canada  (1995)  conducted  a  series  of  experiments  on  radish  (Raphanus  sativd)  and 
lettuce  {Lactuca  sativd).  The  reported  EC25  values  for  seedling  emergence  were  14  and 
49  mg/kg  for  radishes  and  1.5  and  8.1  mg/kg  for  lettuce.  The  reported  EC25  values  for  root  elongation 
were  1.2  and  0.10  mg/kg  for  radishes  and  0.5  and  0.18  mg/kg  for  lettuce.  Lettuce  (Lactuca  sativd) 
shoot  growth  EC50  was  reported  to  be  > 1,000  mg/kg  for  o-xylene  (Hulzebos  et  al,  1993). 

Sugar  beet  root  growth  was  reduced  by  31.5%,  29.1%  and  23.6%  when  exp^^  to  a  100,  200  and 
500  mg/L  solution,  respectively  (Allen  et  al,  1961).  Lettuce  {Lactuca  5a/z^^ffiSt  growth  EC 50  was 
reported  to  be  between  1  and  3.2  mg/L  (solution)  for  o-xylene  (Hito^^^^B993).  Germination  of 
beans,  oats,  lettuce,  and  radishes  were  affected  by  0. 1  mg/L  in  water  (Miller  ei^l ,  1 976).  There  were 
no  detectable  signs  of  injury  or  loss  of  crop  yield  ^faUa,  squash,  pota|)es,  ttiniatoes,  dwarf  com  and 
beans)  when  xylenes  was  applied  at  370,  740^^W-80  mg/L  ^runs  and  Kelly-  1974). 


The  LC50  (xylenes  vapours)  for  ^^^^^^^^^^^^^^^^^^1*9^)  parsnip  leaves  was  22.9  x 
10^  and  37.7  x  10^  mol/L,  respectiM:  fS-:?^^^(»4  W(f  and  27.6  x  10^  mol/L,  respectively 
for  o-xylene  (Ivens,  1952).  The  EC50  (vapours)  for  tobacco  (Nicotiana  tabacum)  pollen  germination 
was  17.1  mg/L  (Schubert  et  al,  H^5).  A  2-hour  exposure  to  xylene  vapours  at  0.46  x  10"^  M 
resulted  in  98%  injury  (as  measured  by  leaf  damage)  in  barley,  95%  injury  in  tomato  plants  and  25% 
injury  in  carrot  plants.  A  V4-hour  exposure  resulted  in  15%  injury  in  barley,  40%  injury  in  tomato  plants 
and  0%  injury  in  carrot  plants.  Xylene  vapours  at  0.20  x  10"^  M  resulted  in  2%  injury  in  barley 
following  a  2-hour  exposure  and  80%  injury  following  a  4-hour  exposure.  Vapours  at  2.4  x  10"^  M 
resulted  in  95%  injury  in  barley  following  a  Vi-hour  exposure  and  100%)  injury  following  a  1-hour 
exposure  (Currier,  1951). 

Soil  Microorganisms 
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Microbial  respiration  was  not  affected  at  1,000  mg/kg  in  a  silt  loam  but  a  transient  decrease  did  occur  in 
a  sandy  loam  (Walton  et  al,  1989).  No  effects  on  soil  microorganisms  were  reported  at  a  soil 
concentration  of  100  mg/kg  p-xylene  (Anderson  et  al,  1991).  Ammonia  oxidation  was  reduced  by 
>90%  at  100  jig/mL  (soil  solution)  (Hansson  et  al,  1991)  and  the  ammonia  oxidation  EC50  by  the  soil 
bactQiimn  Nitrosomonas  europaea  was  74  uM  (soil  solution)  (Keener  and  Arp,  1994). 


A2.2   New  Data 


A  new  study  was  commissioned  to  determine  the  toxicity  of  BTEX  compounds  to  one  plant  species  and 
one  terrestrial  earthworm  species,  using  up  to  date  protocols  for  toxicity  tests  with  volatile  compounds 
(ESG,  2001).  A  single  plant  species  was  considered  acceptable  for  this  work,  because  the  species 
chosen  was  the  most  sensitive  species  in  work  done  for  the  petroleum  hydrocarbon  Canada- Wide 
Standard  (CCME,  2000).  The  study  was  undertaken  by  ESG  Litemational,  with  the  following  scope: 


test  species  were  Eisenia  andrei  (earthworm)  and  Agropyron  dasystachyum  (early  northem 
wheatgrass); 

earthworm  tests  measured  7  and  14  day  mortality  endpoints; 

wheatgrass  tests  measured  seedling  emergence,  shoot  and  root  length  and  dry  and  wet  biomass 
endpoints,  all  at  14  days; 

Two  soils  were  used:  "Artificial  Soil"  was  a  Coarse  soil;  and  "Alberta  TiU"  was  a  Fine  soil; 
procedures  were  adopted  to  minimize  loss  of  volatile  compounds  from  the  tests;  and, 
chemical  analysis  was  undertaken  at  the  start  of  the  tests  to  estimate  the  ac^l  concentrations  of 
BTEX  compounds  to  which  the  organisms  were  exposed  at  the  start 


The  results  of  the  ESG  (2001)  study  for  Fine  and  Coarse 
respectively.  As  noted  in  Section  2.1,  none  of  the 
derivation,  due  to  uncertainties  in  the  protocj 
and  A-2  were  used  as  the  basis  for 

The  derivation  of  the  soil  quality 
for  other  hydrocarbon  compounds 


Tables  A-1  and  A-2, 
ere  used  for  guideline 
lc  data  in  Tables  A-1 


5c)  followed  the  procedure  developed 
2000).  This  procedure  was  as  follows: 


for  each  distinct  test/endpoint,  ^p^e  data  representing  a  50%  effect  are  considered  {i.e.,  median 
lethal  concentration  (LC50)  or  dO%  inhibition  concentration  (ICSO)); 
if  tests  differ  only  in  duration,  only  data  for  the  longest  duration  are  used; 

if  multiple  data  are  available  for  the  same  chemical,  endpoint  and  species,  these  data  are  replaced 
by  their  geometric  mean; 

for  natural  area,  agricultural,  or  residential  land  use,  the  SQGsc  was  calculated  as  the  25^''  percentile 
of  plant  and  invertebrate  data;  and, 

for  commercial  and  industrial  land  use,  the  SQC^c  was  calculated  as  the  50^^  percentile  of  plant 
data  only. 
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The  25^''  percentile  of  plant  and  invertebrate  data  and  the  50  percentile  of  plant  data  are  included  in 
Tables  A-1  and  A-2.  These  numbers  are  adopted  as  the  SQGsc  guideline  values  for  surface  soil  (see 
Tables  2.1  and  2.2  in  this  report). 

SQGsc  values  for  subsoil  are  calculated  based  on  the  PHC  CWS  (CCME,  2000).  In  the  PHC  CWS, 
subsoil  guidelines  were  between  2  and  6  times  greater  than  the  surface  soil  guidelmes,  based  on  the 
lower  biological  activity  levels  at  subsoil  depths,  but  also  taking  into  account  other  considerations  such 
as  aesthetics,  safety,  and  underground  infrastructure.  In  this  document,  subsoil  guidelines  for  this 
pathway  are  calculated  as  twice  the  corresponding  surface  soil  guideline,  except  in  cases  where  this 
would  result  in  a  pore  water  concentration  close  to  the  solubility  of  the  compound  in  question,  in  which 
case  the  corresponding  surface  soil  guideline  was  adopted  directly  as  the  subsoil  guideline.  Subsoil 
guidelines  are  summarized  in  Tables  2.3  and  2.4  of  this  report. 
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A3.  LIVESTOCK/WILDLIFE 

Two  ecological  pathways  involving  the  protection  of  Hvestock/wildlife  are  considered  in  this  project. 
The  pathways  are  soil  ingestion  and  protection  of  groundwater  for  ingestion.  Daily  threshold  effects 
dose  (DTED)  values  for  BTEX  were  developed  as  toxicological  limits  for  these  pathways.  DTED 
values  for  BTEX  are  summarized  in  Table  1 .1  in  the  main  text.  DTED  values  for  the  four  PHC  fractions 
are  adopted  directly  form  CCME  (2000)  and  are  summarized  in  Table  1.3.  A  DTED  is  defmed  as  a 
dose  level  below  which  adverse  effects  are  not  expected  in  a  receptor. 

DTEDs  for  livestock  or  wildlife  have  not  generally  been  developed  by  regulatory  agencies.  However, 
development  of  the  DTED  follows  a  similar  process  as  that  for  the  development  of  a  human  limit  and, 
thus,  can  be  based  on  the  same  experimental  study.  Therefore,  in  the  calculations  below,  the  DTED  is 
based  on  the  same  study  that  is  used  by  the  regulatory  agencies  for  the  human  exposure  hmit. 


A3.1  Benzene 

The  oral  DTED  for  benzene  appHed  in  this  project  (0.08  mg/kg-bw/day),  was  derived  based  on  the 
reported  LOAEL  (Lowest-Observed- Adverse-Effect-Level)  from  a  study  by  Hsieh  et  al.  (1988). 
Mice  were  exposed  to  benzene  in  drinking  water  at  doses  ranging  from  0  to  180  mg/kg-bw/day  for  28 
days  (water  concentrations  ranged  from  0  to  790  mg/L).  The  reported  LOAEL,  based  on 
hematological  anemia  and  immunological  effects,  was  8  mg/kg-bw/day.  A  100-fold  uncertainty  factor 
was  appUed,  based  on  a  10-fold  factor  to  account  for  the  use  of  a  LOAEL  froma  less  than  chronic 
duration  study,  and  a  fiirther  10-fold  factor  to  account  for  the  uncertainties^iaM^Polating  from  one 
species  to  another. 

DTED  {benzene)  = 


A3.2  Toluene 

The  oral  DTED  for  toluene  appHfflin  R)^^^^^  mg/kg-bw/day),  was  derived  based  on  the 
reported  LOAEL  from  a  study  by  V^^Br^Xoy^Xo^  Program  (1 989).  Rats  were  orally  gavaged 
with  doses  ranging  from  0  to  5,0^teig/kg  in  com  oil  for  13  weeks  (5  days/week).  The  reported 
LOAEL,  based  on  organ  weight  afflnustopathologic  changes  in  the  Uver  and  kidney,  was  625  mg/kg- 
bw/day.  When  adjusted  for  a  continuous  exposure  (i.e.,  to  7  days/week  from  5  days/week),  the 
LOAEL  becomes  446  mg/kg-bw/day.  A  100-fold  uncertainty  factor  was  apphed,  based  on  a  10-fold 
factor  to  account  for  the  use  of  a  LOAEL  from  a  less  than  chronic  duration  study,  and  a  fiirther  10-fold 
factor  to  account  for  the  uncertainties  in  extrapolating  from  one  species  to  another. 

DTED  {toluene)  =  ^^^^^^^^^  =  ^.46  mg/kg  -bw/day 
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A3.3  Ethylbenzene 

The  oral  DIED  for  ethylbenzene  applied  in  this  project  (2.91  mg/kg-bw/day),  was  derived  based  on 
the  reported  LOAEL  from  a  study  by  Wolf  et  al  (1956).  Rats  were  orally  gavaged  with  doses  ranging 
from  14  to  680  mg/kg  in  olive  oil  for  182  days  (5  days/week).  The  reported  LOAEL,  based  on 
histopathologic  changes  in  the  liver  and  kidney,  was  408  mg/kg-bw/day.  When  adjusted  for  a 
continuous  exposure  ^.e.,  to  7  days/week  from  5  days/week),  the  LOAEL  becomes  291  mg/kg- 
bw/day.  A  100-fold  uncertainty  factor  was  applied,  based  on  a  10-fold  factor  to  account  for  the  use  of 
a  LOAEL  from  a  less  than  chronic  duration  study,  and  a  ftirther  10-fold  factor  to  account  for  the 
uncertainties  in  extrapolating  from  one  species  to  another. 

DTED  {ethylbenzene)  =  ^^^^(^^^)  =2.91  mg/kg  -  bw/day 


A3.4  Xylenes 


The  oral  DTED  for  xylenes  applied  in  this  project  (11.9  mg/kg-bw/day),  was  derived  based  on  the 
reported  LOAEL  from  a  study  by  the  National  Toxicology  Program  (1986).  Rats  were  orally  gavaged 
with  doses  ranging  from  0  to  1,000  mg/kg  for  103  weeks  (5  days/week).  The  reported  LOAEL,  based 
on  central  nervous  system  toxicity,  was  500  mg/kg-bw/day.  When  adjusted  for  a  continuous  exposure 


{i.e.,  to  7  days/week  from  5  days/week),  the  LOAEL  becomes  357  mj 
uncertainty  factor  was  apphed,  based  on  a  3-fold  uncertainty  factor  to  ^ 
the  toxicological  database,  and  a  ftirther  10-fold  factor  to  account 
from  one  species  to  another. 

DTED  {xylenes)^ 


/day.   A  30-fold 
certainties  within 
ties  in  extrapolating 


TER  AQUATIC  LIFE 


Freshwater  aquatic  Ufe  water  qual^l^Rli^  were  required  for  this  project,  in  order  to  derive  soil 
quality  guidelines  protective  of  freffll^^  aquatic  Hfe.  Water  quality  guidelines  for  freshwater  aquatic 
Ufe  are  available  for  benzene,  toluene,  and  ethylbenzene  (AENV,  1999;  CCME,  1999).  A  freshwater 
aquatic  hfe  guidehne  has  not  been  developed  by  these  agencies  for  xylenes. 


A  significant  amount  of  data  are  available  concerning  the  freshwater  aquatic  toxicity  of  xylenes.  These 
data,  downloaded  from  the  US  EPA  ECOTOX  database  (US  EPA  2001),  are  summarized  in  Table  A- 
3.  Note  that  data  for  marine  or  estuarine  species,  and  data  for  non-toxicological  effects  (e.g., 
avoidance)  are  not  included.  References  are  included  in  Table  A-3,  but  are  not  reproduced  in  the 
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references  in  Section  5.  A  fiill  review  of  the  source  papers  of  these  data,  including  a  check  for 
compUance  with  the  requirements  of  the  CCME  (1999)  protocol  for  developing  water  quahty  guidelines 
for  freshwater  aquatic  Ufe,  is  outside  the  scope  of  this  report. 

The  dataset  was  simplified  and  reduced  as  follows: 

•  multiple  data  points  for  the  same  species,  endpoint,  effect,  and  duration  were  combined  by  taking 
the  geometric  mean;  and, 

•  where  data  points  were  available  for  the  same  species,  endpoint,  and  effect,  but  different  durations, 
only  the  longest  duration  data  were  considered. 

The  reduced  data  is  presented  in  Table  A-4. 

A  working  value  for  a  xylenes  freshwater  aquatic  Ufe  guidehne  for  the  current  project  was  developed 
based  on  the  lowest  concentration  in  the  reduced  dataset  (3,643  |ig/L,  48  hr  Daphnia  magna 
immobilization  EC50,  Table  A-2).  This  value  was  used,  together  with  an  application  factor  of  0.05 
(acute  test  for  a  non-persistent  variable)  to  give  a  guideline  value  of  180  |Lig/L  for  use  in  the  current 
work.  This  calculation  was  based  on  the  CCME  (1999)  protocol.  A  non-persistent  variable  is  defmed 
by  CCME  (1999)  as  having  a  degradation  half  hfe  less  than  8  weeks.  The  degradation  half  life  of 
xylenes  in  surface  water  is  given  by  Howard  et  aL,  1991  as  1-4  weeks.  It  should  be  noted  that  the 
issue  of  getting  meaningfiil  aquatic  toxicity  data  from  volatile  compounds  would  need  fiuther  study 
before  deriving  a  definitive  xylenes  guideline. 
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